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The Imperial Agricultural Research Institute 


HE Scientific Report of the Imperial 

Agricultural Research Institute, for the 

year ending June 1938, records the results 

of work during the first year of its settled 

existence in its new home, after its transfer 
from Pusa to Delhi. 

It will be recalled that when, as the result 
of damage to the Institute at Pusa by the de- 
vastating earthquake in January 1934, the 
Government of India decided to transfer the 
Institute to Delhi, misgivings were felt in 
some quarters whether owing to soil and 
climatic differences, the work on many im- 
portant crops could be continued at Delhi 
from the point at which it was left at Pusa. 
It is gratifying to note from the report that 
the actual results obtained with several 
crops belied the apprehensions, and that the 
continuity of the programme of field re- 
search and experiment has not suffered by 
the transfer. 

The Imperial Agricultural Research In- 
stitute, familiarly known as the Pusa Insti- 


tute, has successfully striven, since its 
establishment in 1903, to advance the nation’s 
most vital industry—agriculture—by bring- 
ing science and agricultural practice into 
close contact. As a central research organ- 
isation, the Institute made great and enduring 
contributions to the improvement of agricul- 
ture and to the scientific knowledge of the 
agricultural problems of the country, during 
the past three decades. The Institute at 
Pusa, being the first of its kind in the country, 
provided for many years the main stimulus 
for agricultural research. Many recent 
agricultural developments in the country 
owe their foundations to the constant care 
and wider imagination exercised in seeking 
for the directions of advance, and in giving 
the lead which the Institute had offered in 
the early days of agricultural research in 
India. 

On the practical side, tangible economic 
results have accrued to the cultivator from 
the improvements effected by the Institute 


.. 202 
292 
292 
|_| 
293 
: 


246 


in the fruitful fields of crop and animal hus- 
bandry. The Pusa wheats speedily earned 
a distinction and spread even beyond the 
borders of India. The remarkable develop- 
ment in the Indian sugar industry is due in 
a great measure to the planned researches 
conducted at the Coimbatore Station of the 
Institute. Coimbatore sugarcane has de- 
finitely become a household word in the 
sugarcane growing tracts. The work on 
tobacco and its flue-curing have enabled the 
production of tobacco leaf of the colour, 
necessary for the modern cigarette, and have 
contributed to developments in the cultiva- 
tion, trade and industry of cigarette tobacco. 
In a previous report and in a popular account 
of the work of the Institute, the Director has 
stated, we believe on justifiable grounds, that 
the increase in the agricultural income to 
the cultivator in one year directly arising 
from the work of the Institute, exceeds the 
total amount of money spent on the Insti- 
tute in thirty years. 

The scientific work leading to these prac- 
tical achievements is a long list of impressive 
scientific papers on soils, fertilisers, crops, 
pests and diseases, contributed mostly to the 
scientific publications of the Institute, popu- 
larly known as Pusa Memoirs and Bulletins. 

The transfer of the Institute from Pusa 
to Delhi, marks a new epoch in the history 
of agricultural research in India, and coin- 
cides with important developments and new 
ventures in the science and practice of 
agriculture in India. There have been im- 
portant developments within the agricultu- 
ral industry itself. The economic significance 
of Indian agriculture is not now confined to 
the production of food crops and peasant 
agriculture. Power farming on estate basis 


and intensive cultivation are developing. 
Movements in marketing organisation and 
the introduction of grades and standards de- 
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mand in agricultural produce a very high 
quality for trade and industry. A more recent 
and a very important development is the 
interest in national nutrition, which calls for 
the production of sufficient food with high 
nutritive value. These insist upon fresh 
knowledge on problems of soil fertility, cul- 
tivation and plant nutrition and in the ways 
of protecting crops from damage by insect 
pests and disease, paying due regard to the 
fact, as it is known now, that the nature and 
intensity of the processes in the soils and 
crops of the tropical and sub-tropical regions 
are different from those that obtain in tem- 
perate regions. The programme of re- 
search and investigation besides being a 
continuation or the corollary to the work 
that has been in progress requires such 
modifications or additions as are demanded 
by current problems and the trend of future 
developments. 

In the report under review, the Director 
of the Institute introduces the scientific 
work of the year in the different sections 
of the Institute and gives a general survey 
of the nature of problems under study 
and the objective thereof, mainly for the 
information of the non-technical reader. 

A perusal of the Report has convinced us 
that the Director and his colleagues are 
intensely alive to the problems of contempo- 
rary scientific agricultural practice. The 
active programme of research at the Insti- 
tute is based on the recognition of the vital 
need for greater production, having regard 
to the increasing demands of the consumer 
and a safe margin for the producer; but 
what is important is the realisation of the 
fact that the degree of economic success of 
the agricultural industry depends on the 
extent to which various other subsidiary 
industries of the farm such as crops, live- 
stock, implements, processing of produce, 
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utilisation of waste, can be blended into a 
harmonious whole. 

Several new and interesting lines of study 
are described in the Report under review. 
The studies on the theory and practice of 
mixed farming are of inestimable import- 
ance to Indian agriculture as a means of 
maintaining soil fertility, which is the main 
link between land and stock. These studies 
have for their objective the judicious blend- 
ing of crop and animal husbandry so that 
the land supports the animal and the anirnal 
comes to the relief of the land as far as 
possible. Interesting results are recorded 
from early maturity and early mating ex- 
periments in the investigations on cattle 
breeding for milk production. It would 
appear, from the results of experiments 
which have been in progress for seven years, 
that the progeny of early matured and early 
mated heifers and bulls, can in no respect 
be considered inferior to the progeny of 
animals that ordinarily mature late and, 
therefore, mated late, in appearance, sta- 
mina or in milk yield per lactation. This 
means that bringing animals to early matu- 
rity and mating them early, give a greater 
number of lactations, an increase in the 
number of calvings and a more abundant 
supply in the total milk yield in the animal’s 
life. Another very striking and interesting 
result is that obtained from stimulation ex- 
periments. When uncovered heifers are 
stimulated, they yield milk with normal 
composition and proper nutritive value. 
Stimulation of the act of milking and mani- 
pulation have apparently a much greater 
effect than hitherto supposed. 

The study of the all-important soil con- 
dition as a medium for crop growth is 
directed to exploring the possibilities of 
increasing fertiliser and manurial efficiency 
in crop production. Connected with this is 
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the investigation on the nutritive value of 
foods and fodders as influenced by the nature 
and extent of nourishment given to crops, 
and this will reach its culminating point in 
the evolving of a rational system of manur- 
ing for higher crop production. Another 
important and interesting line of study is 
that on the fixation of atmospheric nitrogen 
in the soil by itself and by leguminous and 
cereal crops. A clearer understanding of 
the mechanism of the processes of fixation 
under Indian conditions and the conditions 
that favour it is likely to lead to methods 
of cheap nitrogen nutrition of soils and 
crops by suitable soil management and crop 
rotations. 

New lines of work in the evolution of 
crops are taken up. Breeding crops for 
drought and disease resistance has reached 
a stage at which knowledge is required on 
the application of modern theories of heridity 
in the further advance on plant breeding 
work. These are being studied in the field 
and in the laboratory in connection with 
the problem of breeding wheats which are 
comparatively resistant or immune to the 
attack of rust disease in India, and the 
breeding of disease-resistant potatoes. Few 
achievements of the Institute are more widely 
known than the contributions made by 
sugarcane research. Particular attention 
has been directed to the production of canes 
suited to the requirements of the sugar 
industry both in regard to quality and quan- 
tity. A very notable line of work in sugar- 
cane breeding is the hybridisation between 
bamboo and sugarcane. It is perhaps too 
early to visualise the economic possibilities 
of such crosses, but the fact remains that 
a new line of work has been opened up, 
which may have a far-reaching effect in 
course of time. 

It is one thing to grow better and more 
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crops, and it is a different matter to protect 
the crops from the ravages of insect pests 
and diseases and to gather the harvest in 
full. Ecological studies on insects, and 
surveys of important diseases of crops and 
breeding and testing of crops for disease- 
resistance are new lines of work, aimed 
at controlling insect pests and diseases 
of crops. Particular attention was paid 
during the year to researches on the control 
of borer pests of sugarcane about which 
widespread concern is felt in the cane-grow- 
ing tracts. 

While the Imperial Agricultural Research 
Institute, as its name implies, is well known 
for its research activities, it is not adequately 
realised that it is both an educational as 
well as a Research Institute. It gives post- 
graduate courses for higher instruction in 
different branches of agricultural sciences. 
During the year under report ten post- 
graduate students successfully completed 
their course and qualified for the Diploma of 
the Associateship of the Institute, and three 
completed one year course in Farm Organ- 
isation and General Farm Engineering, while 
four students were admitted for short periods 
of study in special subjects. The provision 
for post-graduate instruction at the Insti- 
tute is a wise step, for the demand for re- 
search should be met by a steady supply 
of trained workers. It is only fitting that, 
in an agricultural country like India, the 
supply of trained workers should come from 
an institution within the country. 

In opening the Institute on 7th November 
1936, H. E. the Viceroy, whose solicitude for 
agricultural development and _ everything 
that pertains to the improvement of the 
village population is well known, concluded 
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his address with the following significant 
words: — 

“The Institute has in it, I am confident, 
the power for further service of infinite 
value to India; alike to the Provinces and 
to the Indian States. Its tradition and its 
reputation are those of established Gistinc- 
tion. It has been served by many able 
and distinguished men with a loyal and 
disinterested devotion throughout the 
many years of its existence. I am confi- 
dent that the present staff will amply 
sustain the past record of the Institution 
for scientific achievements of the highest 
standard. In to-day declaring open its 
new home I do so with the wish, which 
all of us share, that, under its new auspi- 
ces, its future may even be more brilliant 
and the service it renders to India even 
more distinguished than ever before.” 
Under the distinguished administration 

of the present Director and with the active 
and energetic co-operation of his loyal col- 
leagues, the Institute has already fulfilled 
the ardent wish of H. E. the Viceroy, and 
the more beneficent results of successful 
scientific experiment which the Institute 
may yet produce will, besides enhancing its 
prestige, make momentous contribution to 
national well-being and prosperity. India’s 
wealth is its soil, its pillars are the villager 
and his cattle. Science must arm the one 
with knowledge and protect the other in the 
production of more wealth. This task is as 
arduous as its responsibilities are great. We 
confidently rely on the inspiring guidance 
of the Director and the devotion of his staff 
for results which would ensure the steady 
and increasing prosperity of the agricultural 
population. 
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b  frseud it was decided in 1932 to produce: 


for India a general scientific journal 
which would command the interest and 
support of the leading men of science of the 
country, it was natural that the originators 
of the project should turn to editors of 
journals of similar character outside India 
for advice and help. As a result, Sir Richard 
Gregory, of Nature, Dr. Arnold Berliner of 
Die Naturwissenschaften, and Dr. J. McKeen 
Cattell of Science, agreed to become cor- 
responding editors of Current Science. The 
interest that Sir Richard Gregory then show- 
ed in the new Indian journal has continued 
in the years that have followed; and his 
retirement at the end of last year from the 
editorship of Nature is an appropriate oc- 
casion on which to review his services to 
science, in India and elsewhere. As his 
successors on Nature, we welcome the invi- 
tation of the editor of Current Science to 
attempt such a survey. 

To a large extent, the story of Sir Richard 
Gregory’s work for science is bound up with 
the history of Nature during the past forty- 
five years. He joined the journal in 1893 as 
sub-editor to Sir Norman Lockyer; but be- 
fore that he had been a contributor of oc- 
casional notes, while he’ was working at the 
Royal College of Science as a research 
assistant to Sir Norman Lockyer. In those 
early days, as he himself has said, his inter- 
ests were divided roughly in the ratio of 
three parts astronomy and one part general 
science. He was associated at the Royal 
College of Science with men like T. H. 
Holland, better known as Sir Thomas Holland, 
formerly Director of the Geological Survey 
of India and at present Principal and Vice- 
Chancellor of the University of Edinburgh, 
and H. G. Wells, whose reputation as a 
writer of scientific romances—many of which 
have proved almost prophetic—and of socio- 
logical works, is world-wide. Early efforts 
at scientific journalism took the form of 
notes of scientific progress contributed to 
weekly and monthly magazines. With Sir 
Richard’s appointment to Nature, however, 
his activities began to extend to wider fields. 
Astronomy began slowly to give way before 
his growing interest in scientific progress in 
general. Nevertheless, Sir Richard has 
always retained his special interest in astro- 
nomy, though he would be the first to admit 
that it no longer holds its early place in his 
affections. 


Sir Richard joined Nature at a time when 
a new era was opening up in science, Lord 
Rayleigh had recently completed his work on 
the density of nitrogen, and in association 
with Sir William Ramsay, traced the discre- 
pancies he observed to the presence in the 
atmosphere of a hitherto unknown gas, 
argon. This discovery led to the examination 
of other sources of nitrogen, with the result 
that Sir William Ramsay, by means of the 
spectroscope, found in the mineral cléveite 
a gas which proved to be identical with an 
element discovered by Sir Norman Lockyer 
in the sun twenty-six years earlier and 
named by him “helium”. In 1896, came the 
discovery of X-rays, by Rontgen, radium was 
discovered by Pierre and Mme. Curie in 
1898, and shortly afterwards the work of 
Sir J. J. Thomson on the cathode rays, which 
showed that they consisted of a stream of 
swiftly moving units of negative charge 
which were christened “electrons”. 

The twentieth century began with the 
tide of discovery in the new sub-microscopic 
and sub-atomic physics running strongly. 
Developments during the years that follow- 
ed have led to complete revision of our 
views on the structure of matter and on the 
fundamentals of physics and chemistry and 
also of biology. Nature, under Sir Richard’s 
guiding mind, has played a notable part in 
this progress, many of the steps of which 
were first announced in its pages. The well- 
known section headed “Letters to the Editor” 
now occupies four times the space it did in 
the nineties of last century, and it is a re- 
cognized place for recording the progress of 
scientific investigations. The growth of this 
part of Nature has been due in no small 
degree to Sir Richard’s own wide knowledge 
of science and friendship with its disciples. 
Keen and critical himself, he has always 
been willing to give a sympathetic ear to a 
scientific worker who has honestly attempt- 
ed a piece of research, and, so far as con- 
siderations of space permitted, he has given 
him the opportunity of describing his results 
for the information and attention of others. 
Destructive and discouraging criticism have 
always received a swift repulse. 

This same kindly yet fearlessly judicial 
mode of approach has characterized the 
whole of Sir Richard’s conduct of Nature. 
In leading articles, controversial issues have 
been brought forward and lines of action 
suggested, but always with the object of 
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advancing science and its application to 
human affairs. In reviewing books and other 
publications, he enlisted the aid of leading 
workers in the subjects under discussion. By 
these means, he has enhanced the prestige 
of Nature, and indeed of science itself, 
wherever progressive and enlightened views 
are acceptable. His reward came in 1933, 
when he was recovering from a serious ill- 
ness, with the announcement that he had 
been made a Fellow of the Royal Society, 
under a special Rule of the Society, which 
provides for the election of persons who 
“either have rendered conspicuous service to 
the cause of science, or are such that their 
election would be of signal benefit to the 
Society”. 

Scientific workers in India owe a particu- 
lar debt of gratitude to Sir Richard Gregory. 
Their work has always been given careful, 
if critical, consideration, as indexes of 
Nature will quickly show. In this connection 
it is worth while recalling that the effect 
now known by Sir C. V. Raman’s name was 
first announced to the scientific world in a 
communication from him and Prof. K. S. 
Krishnan which appeared in the columns of 
Nature in 1928, while the original researches 
of Prof. M. N. Saha and the Allahabad 
school have also received due notice. For 
many years, too, the late Sir J. C. Bose used 
the columns of Nature in bringing his many 
investigations, first in electro-physics and 
later in plant physiology, to the notice of his 
scientific colleagues. Support has also been 
given to such projects as broadcasting in 
India and to proposals which led to the 
inauguration of the National Institute of 
Sciences, while the activities of the Indian 
Science Congress Association have been fol- 
lowed sympathetically. Sir Richard’s per- 
sonal interest in Indian affairs was much 
enhanced by his brief but intensive tour of 
the country in 1933. The knowledge that he 
thus obtained at first hand of Indian con- 
ditions has made a deep and lasting im- 
pression on him. 

So much, inadequate as it is, for Sir 
Richard Gregory’s work for science through 
Nature. There is another side of his activi- 
ties which, though equally important, has 
not received so much attention. His early 
experiences as a teacher convinced him of 
the important part played by suitable science 
text-books in schools. He set to work, there- 
fore, to prepare text-books in which scientific 
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methods of direct observation and experi- 
ment were given essential importance, and 
alone and in association with others, he has 
written numerous books of this kind and 
edited many others, all of which are marked 
by accuracy of statement and practical out- 
look. Many of these books, which have been 
published by Messrs. Macmillan & Co., Ltd., 
will be well known to students and men of 
science in India. As one of the founders of 
the School World, and joint editor of the 
Journal of Education with which it became 
incorporated, Sir Richard’s infiuence upon 
educational progress is appreciated also in 
fields outside those of natural science. 


From his early days Sir Richard has been 
convinced of the importance of science to 
the progress of civilization, and he has lost 
no opportunity in Nature, in the lay Press, 
and on the public platform of pointing out 
the contribution it can make to the welfare 
of mankind. For many years he played a 
leading part in the activities of the British 
Science Guild, now absorbed in the British 
Association for the Advancement of Science, 
and his latest distinction is his election as 
Chairman of the newly founded Division for 
the Social and International Relations of 
Science of the Association. Here he has the 
difficult task of steering the new Division 
on its maiden voyages, restraining the 
eagerness of the over-enthusiastic and sti- 
mulating the fearful who seek to draw back 
whenever science touches on political affairs. 
There can be little doubt that, in his ex- 
perienced hands, the Division will be quick- 
ly recognised as a forum for the objective 
discussion of the innumerable borderland 
topics provided by the impact of progressive 
science on society. 


Sir Richard Gregory, who was within a 
few weeks of his seventy-fifth birthday when 
he retired from the editorship of Nature, 
has laid the world under a debt of gratitude 
for his persistent advocacy of the importance 
to mankind of the unfettered prosecution of 
scientific research and its application to 
everyday affairs. Happily he is still vigo- 
rous in body and spirit, and his release from 
routine duties will enable him to devote yet 
more attention than in past years to the 
subject nearest his heart—the gospel of 
science. 

A. J. V. GALE. 
L. J. F. BRIMBLE. 
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O*’ June 25, Professor Walter Nernst 
attains the seventy-fifth year of his life. 
The news will be a source of pleasure and 
satisfaction to his numerous pupils all over 
the world, and will be welcome to every 
body interested in science. There is hardly 
any scientist in this country who will not 
desire to join with his brother-scientists 
in Germany and other countries in offering 
Professor Nernst his warmest congratu- 
lations and in wishing him many more 
years of happy and active life. 

It will be appropriate 
to the occasion to recall 
here some of the funda- 
mental contributions of 
Prof. Nernst to Ther- 
modynamics_ and 
Physical Chemistry. 
These _ contributions 
and discoveries now 
form an essential part 
of the’ frame-work of 
Physical Science and 
are well known to every 
student of Physics and 
Chemistry. ‘The new 
“Heat Theorem” also 
called the third law of 
Thermodynamics or the 
principle of the Unat- 
tainability of the 
Absolute Zero, was first 
put forward in a paper 
published in January 
1906 in the Nachrichte der Gesellschaft der 
Wissenschaften Zu Gottingen. It solved 
a problem which the first and second laws of 
Thermodynamics alone were unable to solve, 
namely, the calculation of Maximum work 
or free energy (A) from purely thermal 
data. The agreement between the values 
of A calculated on the basis of this 
theorem and the values obtained directly 
from measurements of vapour pressure, 
solubility or electromotive force, as also the 
calculations of transition points from the 
condition A= 0, provided sufficient justifi- 
cation for the assumptions underlying the 
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new theorem. A direct evidence was also 
available in the experimental confirmation 
of the idea developed by Prof. Nernst in the 
paper referred to above, that the specific 
heats of all solid substances without excep- 
tion assume negligibly small values at very 
low temperatures. The new theorem was, at 
first, applied to condensed system, i.e., 
systems in which only liquids or solid 
substances are present. But it was later on 
found possible to extend it to gaseous sys- 
tems also. The great utility of the extension 
of the theorem in this 
direction lies in the fact 
that it enables us to 
predict the position of 
equilibrium of a _ re- 
action that has never 
been studied experi- 
mentally. The new 
theorem required, for 
its test and application, 
reliable thermal data. 
This led Prof. Nernst to 
perfect methods for the 
determination of 
specific heats at low 
temperatures, in colla- 
boration with Koref, 
Lindemann, Eucken, 
Pollitzer and Schwers. 
The result was the dev- 
elopment of the vacuum 
calorimeter which has 
been successfully em- 
ployed to obtain reliable data for the specific 
heats of solids and gases at very low tempe- 
ratures. Incidentally, these experimental 
investigations yielded valuable information 
on the question of the general technique 
of low temperature work. The measure- 
ments of specific heats at low temperatures 
not only furnished reliable data for testing 
the validity of the new theorem, but also 
provided a foundation for the elucidation of 
Dulong and Petit’s law and further theore- 
tical advances in the theory of the solid 
state which have found expression in Debye’s 
T3-law. 
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Investigations of gaseous equilibria at high 
temperatures by Prof. Nernst and his pupils 
and co-workers led to the improvement of 
old experimental methods and the perfection 
of new ones. Mention may here be made 
of the explosion method, in which high tem- 
peratures up to 3000° and even more are 
obtained by the explosion of a gaseous 
mixture in a closed bomb, the thermal con- 
ductivity method, the method of the semi- 
permeable wall in which platinum or iridium 
bulbs are employed, the method of the 
heated catalyst in which equilibrium is 
quickly attained by introducing a heated 
catalyst such as a platinum wire into the 
mixture, and the method of vapour density 
determinations at temperatures exceeding 
2000°, in which small iridium bulbs are used. 
While speaking of equilibrium, one is at 
once reminded of Nernst’s partition-law. 
The distribution of a solute between two 
liquid phases had been previously studied 
experimentally by Berthelot and Jung- 
fleisch, but a thorough examination of the 
problem both from the theoretical and 
experimental aspect, was first undertaken by 
Prof. Nernst in 1891. Reference may also 
be made to his contribution to the subject of 
photo-chemistry. Every student of chemistry 
is familiar with his ‘atom-chain reaction’ 
theory which explains in a most satisfactory 
manner the high quantum efficiency of the 
reaction between ‘hydrogen and chlorine 
under the‘influence of light. 

The contributions of Prof. Nernst to the 
theory of solution are no less important and 
fundamental in character. In 1889, he put 
forward the theory of galvanic cells which 
explained the origin of electromotive force 
in terms of an “electrolytic solution pres- 
sure” of the metal electrodes and by 
a beautiful combination of kinetic considera- 
tions with thermodynamic reasoning derived 
an expression for the electrode potential, 
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which is quite exact when the activity of 
the ion concerned can be set equal to its 
concentration. Other important work in this 
field includes investigations on diffusion in 
solutions, liquid contact potentials, solubility 
product relations and transport of water by 
ions. 

The literary genius of Prof. Nernst has 
found expression in a number of writings, 
remarkable for their clear exposition of the 
subject and lucidity of style. His well- 
known text-book on “Theoretical Chemistry 
from the Standpoint of Avogadro’s Rule and 
Thermodynamics” which was first published 
in 1893 and which has since appeared in a 
number of German and English editions, 
gives a masterly survey of the subject and 
remains indispensable to all students of 
chemistry. “The New Heat Theorem: its 
Foundation in Theory and Experiment” gives 
an authoritative, exhaustive and clear account 
of the theoretical and experimental investi- 
gations of the author and his co-workers 
on the subject. No serious student of 
physics and physical chemistry can do with- 
out this book. His “Experimental and 
Theoretical Applications of Thermodynamics 
to Chemistry” has appeared in a number of 
German and English editions. Besides, he 
has edited the Zeitschrift fur Electrochemie, 
the Jahrbuch der Electrochemie, and the 
Zeitschrift fur Angewandte Chemie. 

It has not fallen to the lot of many to 
achieve what Prof. Nernst has been able to 
achieve in the field of Scientific Inquiry. 
His work which covers a wide field in 
physical science and extends over a period 
of nearly half a century, has already secured 
for him a high place among the scientists 
of all times. Let us hope and pray that 
he may live long to watch the results of his 
labours and make further valuable additions 
to the sum-total of human knowledge. 

M. QURESHI. 
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A Magnetic Study of the Oxides of 
Chromium and Manganese 

THE magnetic properties of the metallic oxides 
have not been investigated as completely and 
systematically as those of their salts. In litera- 
ture the values of magnetic susceptibility re- 
ported by different workers for a particular 
oxide are found to vary widely and there are 
few precise determinations of the susceptibility 
changes with temperature. Thus ferric oxide 
which is usually paramagnetic is also reported 
to exist in a ferromagnetic form and the value 
of x obviously depends upon the mode of its 
preparation. Similar variations have been 
noticed for nickel and cobalt oxides. The value 
of x for chromic oxide ranges between 19 x 10-6 
and 40x 10-® (Bornstein’s “Tabellen”) al- 
though a ferromagnetic variety has also been 
claimed by Faraday,! and Nilson & Petterson.? 
The manganese oxides behave similarly. 

The susceptibility values of the salts of 
transition elements, in general, are in fair accord 
with Hund formula /s = /4S(S + 1) for spin 
only but when the oxides are taken into con- 
sideration, the agreement is not at all good. 
Cameron, Harbard and King® believe that none 
of the oxides of transition metals gives values 
which are in accord with theory. In spite of 
this, it is remarkable that the order of suscepti- 
bility values of the oxides in different valency 
states is qualitatively that suggested by theory. 
These peculiarities may be due to wide devia- 
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tions from the Curie Law and the present in- 
vestigation on the chromium and manganese 
oxides was undertaken in order to see whether 
Weiss modification of the Law should give better 
concordance with theory, since the distortions 
produced by interatomic forces, which are 
principally responsible for these wide diver- 
gences, are taken account of by introducing @ 
in the Curie Law. 

The susceptibilities of the oxides were 
measured between 293° K. and 580°K., on a 
modified form of Gouy’s magnetic balance. In 
the main it has been possible to substantiate 
the following points: 

(a) that the susceptibility value of chromic 
oxide obtained by (i) the dehydration of chro- 
mium hydroxide, (ii) by the ignition of chromic 
anhydride, and (iii) by the ignition of ammo- 
nium dichromate at a temperature of 800°C. 
is 25-6 + 0-2 x 10—-® at room temperature. The 
x, T curve, in each case, exhibits a maximum 
at higher temperatures, ranges between —400° 
and the value of @ obtained from 1/x, T curve 
at higher temperatures, ranges between —400° 
and — 485°. This gives for #, a mean value of 
3-63 which is in fairly good agreement with 
the theoretical value 3:87 for trivalent chro- 
mium. 

(b) that yw, value for monohydrate of 
chromium dioxide CrO,:H,O, prepared by in- 
teracting chromium hydroxide and chromic acid, 
is 2-95 which compares well with the theoretical 
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value of 2-83 for quadrivalent chromium. 
The value of @ for this compound is negligible. 
In this connection, it will be of interest to note 
that Cameron, Harbard and King (loc. cit.) have 
recently questioned the existence of the dioxide. 

(c) that manganese dioxide possesses the 
constitution O= Mn=0O. On the Hund formula 
the #, value for quadrivalent manganese is 
3-87 which is in excellent agreement with the 
observed value of 3-73. The value of @ for the 
compound is — 470°. 

(d) that manganic oxide is represented by 
O = Mn — O— Mn = O, since the observed mag- 
netic moment of 5-17 Bohr magnetons is in 
fair agreement with the theoretical value of 
4-90 for trivalent manganese. The Curie point 
(6) equals — 176 for this oxide. 

(e) that for manganous oxide the observed 
magnetic moment of 5-91 agrees well with the 
calculated value of 5:92 Bohr magnetons for 
bivalent manganese. Tyler,* and Squire,® from 
the magnetic study of the oxide at low tem- 
peratures arrived at a similar conclusion. In 
this compound @ has a value of — 540. 

From the foregoing it is clear that after 
making necessary corrections for @, the experi- 
mental “#, values agree excellently with the 
theoretical, particularly for manganese oxides. 
It suggests, therefore, that if due regard be paid 
to the purity of oxides and if distortions pro- 
duced by the interatomic forces are taken into 
consideration by determining the value of 6, 
then the value of u, obtained experimentally 
agrees well with theory. 

Full details of this work will shortly be pub- 
lished. 

S. S. BHATNAGAR. 
P. L. Kapur. 
BRAHM PRAKASH. 
University Chemical Laboratories, 
Lahore, 
May 29, 1939. 


_1 Faraday, Pogg. Annalen, 1847, 70, 33. 

2 Nilson and Petterson, Ber., 1880, 18, 1459. 

3 Cameron, Harbard and King, Jour, Chem. Soc., 
1939, 55. 

4 Tyler, Phys. Rev., 1933, 44, 776. 
5 Squire, J. Chem. Phys. , 1939, 139. 


Thixotropy of Liquid Helium? 


THE object of this note is to compare the 
properties of liquid helium with those of a col- 
loidal substance exhibiting the phenomena of 
thixotropy, with a view to point out that the 
transition from helium I to helium II at the A 
point may be thixotropic. 


The well-known phenomena of isothermal 
reversible sol-gel transformation is known as 
thixotropy. The formation of the gel can be 
attributed!.2 to the constituent particles becom- 
ing locked into place in equilibrium positions, 
wherein the Van der Waals force of attraction 
is just balanced by the force of repulsion due 
to the mutual repulsion of the double layer. The 
presence or absence of electrolyte regulates the 
effective spheres of action of the repulsive forces 
by regulating the value of the {-potential, 
and hence determines whether there is com- 
pletely stable suspension, coagulation or the 
intermediate stage of thixoiropy. 


This change of structure is accompanied by 
a change, of viscosity, elasticity, density and 
double refraction. Kistler? finds that the di- 
electric constant does not change appreciably 
and Freundlich? finds that the velocity of elec- 
trically charged bodies, remains unaltered even 
when the sol is changed into a gel. Freundlich 
suggests that this may be due to a local soften- 
ing of the gel, under the action of the electric 
current and thus providing a channel for the 
passage of the particle. 


According to Freundlich! ‘Loose-packing’ and 
the formation of structures caused by an equi- 
librium between attracting and repelling forces 
are common to all thixotropic systems. But 
the nature of these forces—whether they are 
due to the particles or molecules—may be very 
different when passing from one system to an- 
other. Hauser and Reed* point out that the 
thermal transition from sol to gel is continuous 
and the only difference between sol and gel 
appears to be mechanical, hence they conclude 
that during the period of gelation some type of 
structure with mechanical resistance to shear is 
being built up out of the constituent particles 
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of the sol. This picture postulates a two-phase 
system. 

PROPERTIES OF Liquip 

In the case of liquid helium McLennan® finds 
that when the pressure above the liquid is 
lowered slowly, there is a sudden change in the 
appearance of the liquid as the 4 point is pass- 
ed, rapid ebullition giving way to a perfectly 
clear and tranquil liquid. The latent heat of 
transformation is less than 0-002 cal./gm., and 
Ehrenfest® calls it a phase-change of the second 
order. 

The properties of liquid helium that change 
at the point are the thermal conductivity, 
viscosity, and the specific heat, whereas the 
specific resistance and the optical properties are 
not appreciably changed. Keesom and Mac- 
wood!” are not in a position to say whether the 
viscosity at \ point changes discontinuously. 

Keesom and Taconis!! took the Debye- 
Scherrer diagram of liquid helium. Liquid 
helium I gave rings similar to those of other 
liquids. The rings for helium II suggested a 
face centred cubic lattice, in which half the 
number of atoms have been removed in such a 
way that every atom and every hole is sur- 
rounded by six’ atoms and six holes. They 
point out that such an open structure explains 
the great heat conductivity. Keesom and 
Taconis!2 have also taken X-ray pictures of 
solid helium, and suggest an hexagonal close- 
packed structure. In connection with the struc- 
ture of liquid helium II Keesom and Taconis!! 
discuss the diamond lattice hypothesis of 
London!3 and Fréhlich!* and find that this 
hypothesis is not in harmony with their X-ray 
data. 

It appears that the \ point may be explained 
in the same way as thixotropy by assuming that 
during the transition some helium molecules 
become locked in place in their equilibrium 
positions in a loose-packed structure, whereas 
the holes may change their places; the position 
and arrangement of the molecules change 
during the transition, but the electronic confi- 
guration of the molecules remains appreciably 
unaltered. This picture would lead us to ex- 
pect that at the point, the viscosity, elasticity, 
thermal conductivity and specific heat are pri- 
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marily affected, while the changes in the 
electrical and optical properties should be of 
the second order. It may be remarked that this 
picture is in agreement with the experimental 
observations carried out at the A point. 
K. R. Drxrr. 

Gujarat College, 

Ahmedabad, 

May 12, 1939. 
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Methylation of Hydroxy-Flavonols 
(Quercetin, Gossypetin and Herbacetin) 
THE complete methylation of flavonols by the 
ordinary methods using dimethyl sulphate or 
methyl iodide is difficult since many of the 
substances undergo oxidation very readily in 
the presence of alkali. Diazomethane does not 
effect complete methylation in several cases. 
It has recently been shown by us!,? that 
methylation of all the free phenolic hydroxyl 
groups in glucosides of the flavonols can be 
indirectly brought about by treatment of the 
acetyl derivatives with dimethyl sulphate and 
alkali in acetone medium. We have now exam- 
ined the suitability of this new method for 

methylating the flavonols themselves. 

The methylation of quercetin through its 
acetyl derivative with dimethyl sulphate and 
alkali in methyl alcoholic solution was original- 
ly attempted by Cohn and Freudenberg’ and 
as a result the completely methylated deriva- 
tive, along with the partially methylated one 
(3: 7:3’: 4’-tetramethyl compound) was isolat- 
ed. Acetone as solvent seems to possess a 
specific influence in promoting the methylation 
of the hydroxyl group in position 5, It has 
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now been found that penta-acetyl quercetin, 
when methylated with dimethyl sulphate and 
alkali as described already in one of our pre- 
vious publications using acetone as solvent,! 
gives rise to the pentamethyl ether exclusively, 
and the yield is almost quantitative. 

The hexamethyl ether of gossypetin was pre- 
pared by Perkin‘ through a laborious process 
by treating the flavonol with excess of methyl 
iodide and methyl alcoholic potash during two 
days. Besides the formation of other substan- 
ces (probably partially methylated compounds) 
the nature of which Perkin could not charac- 
terise for want of sufficient material, the yield 
of the hexamethyl ether was not satisfactory. 
The action of diazomethane upon the flavonol 
does not produce the completely methylated 
ether, but a substance which melts at 166—68° 
and crystallises with five molecules of water. 
This substance is still under investigation. The 
hexamethyl ether can, however, be conveniently 
prepared by an application of the new method 
of methylation starting with the acetyl deriva- 
tive. Hexamethyl gossypetin melting § at 
170-72° is obtained in very good yields. 

We have recently shown that diazomethane 
does not completely methylate herbacetin,® and 
that the tetramethyl ether produced thereby 
(3:7:8:4’-tetramethyl herbacetin) undergoes 
further methylation with dimethyl sulphate and 


alkali in acetone medium to yield O-pentamethyl 
herbacetin melting at 156-58°. The pentamethyl 
ether has now been readily obtained by treating 
penta-acetyl herbacetin in acetone solution 
with dimethyl sulphate and alkali. 
P. SURYAPRAKASA Rao. 
T. R. SESHADRI. 
Department of Chemistry, 
Andhra’ University, 
Waltair, 
April 26, 1939. 


1 Suryaprakasa Rao and Seshadri, Proc. Ind. Acad. 
Sci., (A), 1939, 9, 177. 

Q , ibid., 1939, 9, 365. 

3 Cohn and Freudenberg, Ann., 1923, 433, 230. 

4 Perkin, J.C.S., 1913, 650. 

5 Rangaswami, Suryaprakasa Rao and Seshadri, Proc. 
Ind. Acad, Sci., (A), 1939, 9, 133. 


Science 
Hysteresis in the Sorption of Water 
on Rice 


THE phenomenon of “Hysteresis in Adsorption” 
has attracted attention during the past few 
decades and has been interpreted from various 
points of view. Some of the systems investi- 
gated have charcoal,!.? gels of silica*:# and 
ferric oxide,® Gatton stone,® and platinum’ as 
adsorbents. Organic natural colloids investiga- 
ted, are comparatively few. Mainly cellulose® 
and its derivatives have been studied. 

Physico-chemical investigations on rice by 
Sanjiva Rao® and co-workers have led to the 
view that rice is essentially a colloidal system 
intermediate between the lyogel and the xerogei. 
With a view to elucidate the nature of the 
phenomenon of hysteresis, sorption and desorp- 
tion of water on rice were studied. 

The technique adopted involved the use of 
the McBain-Bakr spring balance. Rice grains 
(the bran layer of which had been removed by 
polishing) were activated by dehydration at 
65°C. vacuum. Successive sorptions and de- 
sorptions of water vapour were tried at 30°C. 
The results are indicated in Fig 1. 
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Rice gel behaves in a unique way unlike any 
other system yet studied in the fact that (a) 
when subjected to successive sorption and 
desorption, the hysteresis initially exhibited dis- 
appears, (b) the sorption capacity at the satura- 
tion pressure continuously increases. 

McBain!" has suggested that hysteresis is due 
to the filling up and emptying of cavities having 
narrow “necks”. This explanation has hither- 
to been applied to hysteresis loops which are 
permanent and reproducible. The same concept 
can be employed to explain hysteresis and its 
subsequent disappearance in the case of rice. 
On its initial activation, rice has a rigid struc- 
ture. Its capillaries have stable cavities and 
consequently rice exhibits hysteresis. When 
rice is subjected to successive sorption and de- 
sorption processes, the grain swells and the 
cavities now have elastic walis. With an in- 
crease in elasticity of the capillary walls, the 
cavities lose their power of trapping water. 
Thus at a certain stage (i.e., in the third series 
of sorption and desorption) the hysteresis loop 
completely disappears. As a result of the 
loosening of the structure of the rice grain, 
consequent on progressivé sorption and desorp- 
tion, the capacity for water at the saturation 
pressure continuously increases. The fact that 
the hysteresis loop extends down to zero pressure 
indicates that some of the cavities have “necks” 
of molecular dimension. 

K. Suspa Rao. 

Department of Chemistry, 

University of Mysore, 

Central College, Bangalore, 
June 2, 1939. 


1 Allmand, Hand and Manning, J. Phys. Chem., 1929, 
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“ McGavack and Patrick, J. Amer: Chem. Soc., 1920, 
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6 McBain and Ferguson, J. Phys. Chem., 1927, 31, 564. 
7 Shiels, ibid., 1929, 33, 1175. 
8 Urquhart, J. Textile Inst., T, 1920, 125, 20. 
® Sanjiva Rao, Curr. Sci., 1938, 6, 446. 
10 McBain, J. Amer, Chem. Soc., 1935, 57, 699. 
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Adsorption of Ascorbic Acid 
by Lead Salts 


In the course of our experiments on the isola- 
tion of ascorbic acid from Phyllanthus embellica 
(Indian gooseberry) it was found that lead 
acetate removes ascorbic acid, from an acid 
alcoholic extract of the dried powder of goose- 
berry pulp. The vitamin was found to be 
present in and removable from the precipitate. 
The fact that sulphuric acid was used for the 
acidification of alcohol, led to the suspicion that 
lead sulphate might be responsible for the ad- 
sorptive removal of ascorbic acid. 
Experiments with an alcoholic solution of pure 
ascorbic acid (B.D.H.) acidified with sulphuric 
acid, showed that lead sulphate formed by the 
addition of lead acetate, removes ascorbic acid 
and it was further found that the quantity 
adsorbed depends upon pH. A study of the pH 
dependence on the removal of ascorbic acid by 
lead sulphate in the mixture was made, employ- 
ing a standard alcoholic solution of ascorbic 
acid. pH of the reaction mixture was measured 
by the glass electrode and during all operations, 
an inert atmosphere was constantly maintained 
to prevent losses of ascorbic acid by atmos- 
pheric oxidation. The results are given in 
Table I and graphically represented in Fig. 1: 
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It will be seen from the table and the graph 
that the optimum pH for the removal of as- 
corbic acid lies somewhere about 3-9. Further 
studies on the adsorption behaviour of other 
insoluble lead salts, are in progress. 


N. L. Lanrry. 
M. SREENIVASAYA. 


Department of Biochemistry, 
Indian Institute of Science, 
Bangalore, 
June 5, 1939. 


The Advance Monsoon in the West Coast 


In Travancore and Malabar there is usually 
a period of transition in May from the thunder- 
storm season of April to the south-west mon- 
soon of June. Whereas the heat storms in 
April occur irregularly and the rain associated 
with them falls towards afternoon hours, i.e., 
just after the period of maximum insolation, 
there occurs a change in May due to the advent 
of the monsoon winds resulting in more exten- 
sive thunderstorms and heavier rains not al- 
ways confined to the afternoon hours. This 
condition may sometimes precede the burst of 
the regular monsoon by a few weeks or other- 
wise merge into it quickly without any break. 
Rarely does the actual monsoon current estab- 
lish itself without such a transition period which 
is called the advance monsoon for that reason. 

This year’s advance monsoon conditions in 
Travancore area were remarkable for their 
suddenness and intensity, and also for the dis- 
tinct break which has set in its wake. The 
monsoon conditions have yet to begin. But the 
period 5th to 10th May was one of unusually 
heavy rain in the coastal and submontane areas 
of Travancore, accompanied by severe lightn- 
ing and thunder. Several stations gauged more 
than 7 inches of rain in 24 hours during this 
period, the maximum being 10-9 inches at 
Eraniel (a station in South Travancore) on the 
10th May. The disturbed conditions of weather 
were noted in Trivandrum only after 11 p.m. 
on the 5th May. The incessant and severe 
lightning which continued in Trivandrum from 


Science 
about midnight till 1-30 am. on that night 
créated general panic. This was accompanied 
by stormy winds and heavy rain, the wind 
reaching gale velocity (45-50 miles per hour) 
for about 5 minutes during the peak of the 
storm. Several big trees were uprooted and 
considerable damage caused to the telephone 
and town electric supply systems. The baro- 
graph at the Trivandrum Observatory recorded 
a rise of 0-07 inch pressure during the height 
of the storm and the hyetograph recorded 1-5 
inches in about 15 minutes. This was evidently 
the result of the intrusion of moist monsoon 
winds into the drier tropical air and the con- 
sequent instability set up in the atmosphere. 
One could easily distinguish this type of thun- 
derstorm from the afternoon heat storms of 
April. Whereas the latter storm would travel 
from the land area towards the sea, this travel- 
led just the reverse way. 

A feature of the advance monsoon of this 
year that appears noteworthy is that the mon- 
soon current which produced the above insta- 
bility of the atmosphere and such heavy rains 
in the coast and submontane areas for nearly 
5 days was not strong enough to reach the 
Western Ghats. Not a single hill-station in the 
Devicolam High Ranges and other portions of 
the Ghats facing Travancore recorded any ap- 
preciable rainfall during this period. After the 
10th May, perfectly clear and hot weather pre- 
vails till this day and the regular burst of the 
south-west monsoon is awaited. 

V. SIVARAMAKRISHNA IYER. 


Meteorological Office, 
Trivandrum, 
May 25, 1939. 


Microscopic Characters of Some 
Manganese Minerals, found in the 
Lateritic Manganese-Ore of Belgaum 
District, S.W. India 


THE manganese ore occurs in the high-level 
laterite in the Belgaum District. The Dharwar 
gneiss and schists of Archean age have been 
decomposed by weathering, giving rise to 
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lateritic rocks in situ. The manganese ore 


which is found to be associated with the laterite 
has been formed by metasomatic process. 


On examining the ore by means of an ore- 
microscope, I have found two minerals—hol- 
landite and romanéchite, which are not yet 
known to occur in the secondary manganese 
deposits of India. They are found to be 
formed side by side with psilomelane and 
polianite which are the two essential mineral 
constituents of the ore. I have determined the 
reflecting power of these minerals by the 
method of Prof. J. Orcel! with different photo- 
electric cells, sensitive to different wave-lengths. 


Psilomelane is the principal constituent of 
the ore, it is isotropic, the reflecting power of 
this mineral has been found to be 0-263, for 
6500A, using a photoelectric cell of ‘couche 
d’arret” type with filter (Wratten No. 29F). 


The etch test gave the following results. 
HCl 1:1 dilute—very rapid attack, H,SO, 
conc.—blackening of the surface. H,O, 100 vol. 
—violent attack with effervescence. 


Polianite occurs in spherolitic form. Fine 
aggregates associated with certain granular 
constituents are developed inside the sphero- 
lites. It is very strongly anisotropic. The 
R.P. has been determined by a similar proce- 
dure using different filters (Wratten No. 29F, 
and No. 90) and also by a gas-filled potassium 
cell sensitive to blue. The standard mineral 
taken is silicium 99%, whose R.P. is very close 
to that of these manganese minerals. The fol- 
lowing results were obtained: — 


Wavelength R’p 
4600 --| 0-432 0-374 0-058 
5700 0-385 0-359 0-026 
6500 A -.| 0-383 0-348 0-035 


The result shows that the R.P. of the mineral 
varies with the wave-length of light, the high- 
er R.P. being more dispersed. The mineral has 
got normal dispersion. The results of the etch 
tests are:— 
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Positive: HCl 1:1 dilute—after five minutes, 
blackening of the surface (Diff. between 
polianite and psilomelane) 

HCl conc., H,SO, conc., 
H,O, 100 vol., FeCl, 20%, SnCl,. 

Negative: KCN, KOH, HgCl., and aqua regia. 

Romanéchite.—Very fine needles of this mine- 
ral are found to be formed in the veinules pro- 
duced in psilomelane. The R.P. determined by 
the same cell for \ 6500A is 

R’g = 0-290 R’p = 0-261. 
The results of etch tests are:— 

Negative: HCl dilute 1: 1, HCl conc., FeCl, 
20%, H,O, 100 vol. 

Positive: SnCl, saturated, H,SO, conc., H,SO, 
+ H,O,. 

Hollandite is found to be crystallized side by 
side with romanéchite. It occurs in grains often 
associated with polianite, and psilomelane. 
Its R.P. is inferior to that of polianite. Using 
the same method the reflecting power has 
been found to be:— 

R’g = 0-329, R’p = 0-305. 
The results of the etch tests are:— 

Negative: HCl 1:1, HCl conc., HNO,, KOH, 
KCN, FeCl, 20%. 

Positive: H.,SO, conc., (slight attack), SnCl, 
saturated, H,O, 100 vol., H,SO, + H,O,. 

It is quite possible that these two minerals— 
romanéchite and hollandite—have been formed 
out of psilomelane, some of which has been 
dissolved and enriched afterwards by the addi- 
tion of iron and barium. An excess of iron 
leads to the crystallization of hollandite, while 
its deficiency is responsible for the formation 
of romanéchite. Hollandite is a mineral which 
is known to be formed in the meso-zone of 
metamorphism; the microscopic study of this 
ore shows that it can also occur in the super- 
ficial sedimentary zone, in the lateritic rocks. 
It is evident from this study that romanéchite 
and hollandite are two distinctly different spe- 
cies. The reflecting power of hollandite is 
much greater than that of romanéchite. This 
fact can be further substantiated by the chemi- 
cal composition, the etch test, and the 
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structural characters which are different in 


these two minerals. 
S. Des. 
Laboratoire de minéralogie 
du Muséum national d’Histoire naturelle, 
Paris, 
May 24, 1939. 


* 1 Orcel, J., “Sur Pemploi de la pile photoélectrique 
pour la mesure du pouvoir réflecteur des minéraux 
opaques,” C. R. Acad. Sciences, 1927, t. 185, 1055-57; 
1928, t. 187, 1141-43. 

Orcel, J., “La mesure du pouvoir reflecteur des 
minéraux opaques & |’aide de la cellule photoélectriqre 
et ses applications,” Bull. Soc. Fr. de Minéralogie, 1920, 
t. 53, 301-49, 

Orcel, J., et Parloritch, 8., ‘‘ Les caractircs micros- 
copiques des oxydes de manganise et des manganites 
naturels,” ibid., 1931, t. 54, 108-79. 


Lethality of Gametes Conditioned by 
Exchange of Segments between Par- 
tially Homologous Chromosomes 
in a Nicotiana Species Hybrid 
In studying the percentage of viable pollen 
in the species hybrid N. glauca x N. Langs- 
dorffii, I found that their percentage corres- 
ponds approximately to the percentage of dyad 
and monad microspores formed in the hybrid 
as a result of non-occurrence of the first or 
of both meiotic divisions.1 Studying the via- 
bility of the pollen in the species hybrid 
Nicotiana Raimondii (n=12) x N. tabacum 
“var. Tyk-kulak (n= 24) in connection with 
the dyad formation and the chromosome con- 
jucation during the meiosis, quite different 


‘results were obtained. This hybrid, growing 


in the green-house, usually formed at the end 
of April (1939) 3-6 bivalents. Pollen-mother 
cells with 2 bivalents and with more than 6 


were rarely found (ca. 6%). At the same 


time, in about 12-15% of the PMC dyad 
microspores were found. They usually result- 
ed from non-occurrence of the first meiotic 
division (i.e., restitution nuclei). When the 
flowers opened and the anthers dehisced no 


‘viable pollen were found. This indicates that 


both kinds of pollen grains: (1) those having 
reduced nuclei, as well as (2) those having 


‘non-reduced nuclei (dyads) with the total 
‘chromatine material from N. Raimondii and 
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N. tabacum (36 chromosomes), were lethal. 
The lethality of the first kind of pollen origi- 
nating from reduced microspores has been 
usually interpreted in assuming irregular dis- 
tribution of the hereditary material during the 
meiosis and formation of tetrad microspore 
nuclei with incomplete and unbalanced genoms. 
The pollen originating from dyad microspores 
have two complete genoms, the whole Raimondii 
genom and the whole tabacum genom, never- 
theless they were lethal. Non-viability of these 
pollen-grains is not due to loss of some chro- 
mosome fragments as a result of crossing over 
in inverted region or regions, because one chro- 
matine bridge was very rarely observed (in 
0-3% of the pollen-mother cells), during the 
meiosis. The most probable cause for their 
lethality is the exchange of segments between 
partially homologous chromosomes which takes 
place in each pollen-mother cell between 3-6 
partially homologous chromosome pairs (bi- 
valents) following chiasma formation. The 
reliability of this assumption is supported by the 
behaviour of the same hybrid plants during the 
autumn (1938) when their meiosis proceeded 
at a lower temperature. At this condition the 
hybrid usually formed 0-4 bivalents, and had 
in about 18% of the pollen-mother cells (PMC) 
dyad microspores; ca. 5% of the PMC having 
asyndesis (no bivalents). They formed then 
about 0-4% viable pollen grains. These pollen 
grains probably developed from PMC with asyn- 
desis, in which the first meiosis has failed, thus 
producing dyad microspores and further pollen 
with whole chromosome sets and unchanged 
chromosomes of the parental species N. Rai- 
mondii and N. tabacum. It should be mention- 
ed here that these two species are not closely 
related. They belong to two different sections 
—the former to Rustica section and the latter 
to Tabacum section. 
DontcHo KostTorr. 
Institute of Genetics, 
Academy of Sciences of U.S.S.R., 
Moscow, 
May 18, 1939. 


1 Kostoff, D., Journ. Genetics, 1938, 37,- 120-209. 
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A Note on the Embryo-Sac and Endo- 
sperm-Haustoria in Some Members 
of Scrophularinee 


A Few contributions were made by the author 
dealing with the development of endosperm 
haustoria in Sopubia delphinifolia,s Alonsoa 
sp.,4 Isoplexis canariensis® and Celsia coroman- 
deliana,> Limnophila heterophylla* and Stemo- 
dia viscosa.6 The author has described several 
interesting structural variations in the hausto- 
rial cells in the above members. The structure 
of the embryo-sac and the development of 
endosperm haustoria in Vandellia hirsuta, Ham., 
V. scabra, Benth., Rhamphicarpa longiflora, 
Benth., Centranthera hispida, Br., and Sopubia 
trifida, Ham., have also been studied in all 
aspects, and papers dealing with the same will 
be published elsewhere. A brief account of 
some of the members is given below. 


The presence of a reduced nucellus and a 
thick integument seems to be a constant feature. 
The eight nucleate intra-ovular embryo-sac is 
usually dilated towards the micropyle, and the 
egg apparatus is present in-this part. Vandel- 
lia hirsuta (Fig. 1) forms an exception to this. 
Here the highly enlarged extra-micropylar part 
of the embryo-sac will be pressing against the 
placental and funicular epidermis from which 
nutrition is directly absorbed. A similar dev- 
elopment of the sac is reported by Kausik® in 
Utricularia coerulea and by Junell? in Avicennia 
and other members. The two polar nuclei are 
present in the middle of the sac, and the lower 
part is tubular and tapering towards the chalaza 
including three small antipodals. Stemodia 
viscosa is rather peculiar in having the chalazal 
part of the sac enlarged and the micropylar part 
tapering. Large antipodals and innumerable 
starch grains are present in this enlarged part, 
suggesting that this end probably takes part in 
the absorption of nutritive material from the 
integument before the chalazal haustorium is 
actually laid down. In all these plants the in- 
tegumentary tapetum surrounds the non-dilated 
part of the sac and shows varying degrees of 
development, 
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In most cases observed till now the polar 
nuclei fuse to form the secondary nucleus just 
before fertilization. The several stages in ferti- 
lization studied by the author suggest that this 
process is of a normal type. The two species 
of Vandellia are interesting inasmuch as the 
antipodals persist long after the fertilization. 

Just as in the previous forms there is the 
first division of the primary endosperm nucleus 
followed by the formation of a transverse wall 
dividing the embryo-sac into the chalazal and 
micropylar chambers of varying sizes. The 
second transverse division of the sac often takes 
place in the micropylar chamber. Thus by two 
transverse divisions the embryo-sac is divided 
into the chalazal and micropylar chambers with 
a cell between them. The last one by a series 
of divisions becomes endosperm tissue and ac- 
cumulates plenty of starch, while the two 
chambers by further development become the 
chalazal and micropylar haustoria. 


The chalazal chamber in Limnophila® and 
Stemodia® remains undivided and develops 
directly into a large and highly aggressive 
uninucleate haustorium. Generally there is a 
longitudinal division of this chamber and two 
uninucleate haustorial cells are organised. In 
the two species of Vandellia (Fig. 2) and in 
Rhamphicarpa (Fig. 6) a single binucleate 
haustorium results by the early fusion of these 
two uninucleate cells. The haustorium: in 
Vandellia (Fig. 2) shows a decided tendency 
to become a uninucleate body, often by the de- 
generation of one of its nuclei and at times 
by the absence of a nuclear division. The 
chalazal haustorium in Centranthera (Fig. 5) 
is reduced in size and seems to be an almost 
nonfunctional body, while in Rhamphicarpa, 
Limnophila and Stemodia this happens to be 
highly enlarged and aggressive in nature. 
The mature chalazal haustorium in Vandellia 
shows cellulose rods whose disappearance during 
the haustorial degeneration forms a very inter- 
esting feature. Although Schmid® attributes 
a mechanical role to these rods, their disappear- 
ance in Vandellia is more in favour of the idea 
of a nutritional réle. The older haustoria are 
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characterised by the presence of hypertrophied 
amoeboid nuclei and darkly stained ceil-con- 
tents. 


1. Vandellia hirsuta,—Longitudinal section of the ovule 
showing the extra-ovular embryo-sac, tapetum and 
other parts of the ovule. x 240. 

2. Vandellia hirsuta.—The two kinds of haustoria, 
tapetum and endosperm. x 13.25, 

3. Vandellia hirsuta,—Longitudinal section of a nearly 
mature seed showing the haustoria, endosperm 
embryo and the peculiar tapetum. x 58-75. 

4, Centranthera hispida.—Development of the endosperm 
and the formation of the haustoria. x 80. 

5, Centranthera hispida,—Transverse section of the ovule 
showing the formation of the secondary endosperm 
haustoria. x 80. 

6. Rhamphicarpa longiflora.—Formation of the endo- 
sperm and the two kinds of haustoria, x 48.75, 


Often two longitudinal divisions take place 
in the micropylar chamber although in some 
members like Centranthera and Gratiola offi- 
cinalis! only one may be present. At times even 
the single divisional wall may be incomplete 
as is reported in Paulownia tomentosa.? Thus 
the two longitudinal divisions result in the 
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formation of four uninucleate haustorial cells 
which fuse at a later stage to form a tetra- 
nucleate body (Figs. 2 and 6). In Vandellia 
hirsuta and V. scabra this does not enlarge 
much. In Rhamphicarpa (Fig. 6) this tetra- 
nucleate body forms a branching aggressive 
haustorium with the hypertrophied nuclei placed 
in the tube-like branches which eat their way 
into the integument and approach the chala- 
zal haustorial tube. At times the two hausto- 
ria communicate with each other by the dis- 
organisation of the intervening tissue. Centra- 
thera (Figs. 4 and 5) seems to be remarkable 
in showing the formation of secondary hausto- 
ria since the first formed micropylar haustori- 
al cells also appear to be almost nonfunctional. 
In this plant some of the endospermal tiers 
connecting the micropylar haustorium with the 
deeply placed endosperm tissue send out hausto- 
rial tubes into the integument and absorb nutri- 
tion by disorganising its cells (Fig. 5). Thus the 
delay in the organisation of endosperm proper 
in Centranthera may be attributed to the pecu- 
liarity in the haustorial formation. 

The haustoria in Vandellia and Centranthera 
seem to be inadequate to meet the nutritional 
demands of the growing endosperm and 
embryo. In these members the tapetum comes 
in very handy. Some of the cells of the 
persistent tapetum enlarge in a_ significant 
manner (Figs. 2-4) and take part not only in 
the digestion and absorption of the tissue con- 
tents of the integument but also in the storage 
of the same and their transportation to the 
developing endosperm later on. The distribu- 
tion of these cells along the tapetal sheath ap- 
pears to be irregular in the two species of 
Vandellia, while in Centranthera these are 
confined to the chalazal end of the sheath. Just 
as in Celsia the tapetum in Vandellia shows 
its inner wall highly thickened, which forms 
thus a probable device for the protective réle. 

I wish to thank Dr. M. A. Sampathkumaran, 
M.A., Ph.D., Professor of Botany, Central 
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College, Bangalore, who was kind enough to 
give me all facilities for this work. ' 
C. V. KrisHNA IYENGAR. 
Department of Botany, 
University of Mysore, 
Mysore, 
May 4, 1939. 


1 Glisic, Lj., Bull. Inst. Jard. Bot, Univ., Beograd, 
1933, Tom 2, No. 3, 129-52. 

2 Junell, S., Symb, Bot, Upps., 1934, 4, 140-46, 

3 Kausik, 8S. B., Beih. Bot. Centralbl., 1938, 58, 365-78, 

4 Krishna Lyengar, C. V., Journ. Ind. Bot, Soc., 1937, 
16, 99-109. 

5 ———., ibid., 1939, 18, 13-20. 

6 _-__. Unpublished. 

7 Millsaps, V., Journ, Elisha. Mitchell Sci, Soc., 1935 
52, 56-75. 

8 Schmid, E., Beih. Bot. Centralbl., 1906, 20A, 
175-299. 


Secondary Growth in the Bulb of 
Polyanthes tuberosa L, 


Polyanthes tuberosa L. (Amaryllidacez, ac- 
cording to Engler and Hutchinson), a native of 
Central America, Trinidad,-is now fairly com- 
mon as a garden plant in India. The bulb of 
this plant shows secondary growth like that 
found in the aerial stems of Dracena. Both 
the primary and the secondary vascular bundles 
are collateral in the bulb of Polyanthes, while 
they are concentric in the aerial stems of 
Dracena. Pfeiffer? in 1926 recorded that the 
underground stem of Polyanthes tuberosa is 
homologous with the aerial stem of Dracena 
in the matter of secondary growth. In such 
monocotyledonous stems with sufficient sec- 
ondary growth, it becomes somewhat difficult to 
distinguish the secondary tissues from the 
primary ones. But this difficulty can be easily 
overcome by the following diagnostic charac- 
ters of Réseller as cited by Cheadle!:—(1) the 
paucity of phlem elements in the secondary 
bundles, (2) the oval shape of the secondary 
bundles, (3) the more or less radial placement 
of these bundles, and (4) the radial orientation 
of the conjunctive tissue. In addition, Cheadle! 
holds that the short sieve-tubes and the lack 
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of spiral or annular elements in the secondary 
bundles are valuable criteria. 

Small pieces of young bulb of Polyanthes 
tuberosa L. were fixed in “Craf” overnight, 
according to Randolph*® and directly taken to 
75% alcohol, and after changing three or four 
times the usual processes of dehydration and 
infiltration were followed. Serial microtome 
sections 6 to 10 » thick were cut transversely 
from the growing point of the stem to its base 
and the sections of the younger part were 
stained in Delafield’s hematoxylin only, while 
those from the older parts were stained in 
safranin and Delafield’s hzmatoxylin. On 
examining sections from the tip, protected by 
crowded leaves with axillary rudimentary buds, 
young primary vascular bundles were found 
scattered in the ground tissue a little lower 
down. When the sections of comparatively 
older part away from the tip are examined, 
the primary growth is found to be complete and 
very soon secondary elements begin to develop 
from a distinct ring of cambium (Fig. 1). On 
cutting sections 10 to 15 » thick from older 
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p.vb. gl. 


e.-epidermis ; ¢.—cortex ; cam.—cambjum ring ; 
young secondary vascular bundle; s.con.-secondary 
conjunctive tissue separating the secondary vascular 
bundles; gt.-central ground tissue with scattered primary 
vascular bundles (p.vb.); p.vb.-primary vascular bundle. 

(Photomicrograph—Eyepiece 15 x and Obj. 40 mm, 
apochromat.) 
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bulbs by freezing microtome and staining them 
in safranin and Delafield’s hematoxylin the 
secondary vascular bundles in all stages of 
development are found prominently separated 
from each. other laterally by the radially 
elongated secondary conjunctive tissue; these 
sections show clear secondary growth with 
superficial periderm and cork cambium, though 
in the younger bulb (Fig. 1), the periderm and 
the cork cambium are both absent. In Dra- 
cena stem Strasburger? (Fig. 44) also clearly 
demarcated the secondary conjunctive tissues 
with radially elongated cells from the rest of 
the central polygonal cells of the primary 
ground tissue. 

Secondary growth in Monocot. stem with the 
help of permanent cambium has been observed 
in stems of local Curculigo recurvata (Amaryl- 
lidacewee) and Sansevieria zeylanica (Hzemo- 
doracez) as recorded by Pfeiffer? and Cheadle.! 
Thus, the total number of Monocot. plants, so 
far investigated, which show secondary growth 
by permanent cambium, belongs to about 19 
genera, viz., Aloe, Cordyline, Dasylirion, Dra- 
cena, Kniphofia, Nolina, Yucca, Xanthorrhoea 
and Veratrum (Liliacee), Agave, Furcreax, 
Polyanthes and Curculigo (Amaryllidacez) ; 
Aristea and related genera (Iridaceze); Testu- 
dinaria, Tamus and Dioscorea (Dioscoreacez) ; 
Sansevieria (Hzmodoracee); and Acorus 
calamus (Aracez). 

Polyanthes tuberosa L., being a very common 
garden plant in India, the attention of Indian 
botanists is drawn to its anatomy. 

I am greatly indebted to Dr. S. R. Bose, 
Professor of Botany of this College, for his 
valuable help and criticism in this work. 

D. N. CHAKRAVERTI. 

Department of Botany, 

Carmichael Medical College, 
Calcutta, 
May 3, 1939. 


1 Cheadle, Vernon, I., ‘“‘ Bot. Gaz., 1937, 98, 535-55, 

2 Pfeiffer, H., Handbuch der Pflanzenanatomie. K, 
Linsbauer, Band IX; Das Abnorme Dickenwachstum, 
Bremen, 1926. 
* 3 Randolph, L. F., Stain Tech., 1935, 10, 95. 

4 Strasburger, E., Handbook of Practical Botany, 1924, 
8th Edition, Fig. 44, p. 118. 


Loss of Water by Evaporation from the 
Upper Surfaces of Soil Columns 
Resting on a Water Table 


Ir is well known that, if a layer of soil rests 
above a water table, moisture ascends upwards 
in the soil; the height up to which the moisture 
ascends as well as the rate of ascent depend 
upon the physical properties of the soil. The 
fact that the actual rise of moisture is much 
smailer than what one should expect according 
to the classical “capillary theory” has been 
pointed out by several writers.! 


If the top of the soil column is freely exposed 
to the atmosphere, evaporation of moisture 
takes place, the evaporation depending partly 
upon the saturation deficit and velocity of the 
air layers immediately above the soil and partly 
upon the rate of arrival of moisture at the soil 
surface from the lower layers. 


To conduct preliminary experiments on some 
of the above phenomena with typical Indian 
soils, a soil evaporimeter with bottom feed was 
constructed locally. This consists of a metallic 
cylinder 5” in diameter containing soil and is 
kept with its perforated bottom in contact 
with water in a close fitting reservoir. Fig. 1 


Fic. 1 


shows a series of these evaporimeters in tripli- 
cate with soil columns 6”, 1 ft., 1% ft., 2 ft. and 
3 ft. respectively in depth. The three instru- 
ments corresponding to each of the depths 
mentioned above, were filled with Poona soil 
(black-cotton), normal Punjab soil (alluvial) 
and “bari” (alkali) soil from the Punjab res- 
pectively. The packing of soil into the vertical 
cylinders was done uniformly. The evapori- 
meters were weighed daily at 8 a.m., replenish- 
ed with water upto a reference mark on a side 
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tube of glass, and then weighed again. The 
difference between the weight after adding water 


of one day and the weight before adding water 
of the next day gives the actual loss of water 
by evaporation from the upper surface of the 
soil column. To ensure uniformity of exposure 
the series of soil evaporimeters was set up on 
suitable wooden platforms so that the tops of 
all the instruments were at the same level above 
ground. 

The time taken by water to rise upto the top 
of the different soil columns in the different soils 
(this is indicated by the appearance of wetness 
at the surface and also verified from the daily 
evaporation losses) is given in Table I below. 
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Punjab soils the wetting of the soil at the 
surface does occur even when the subsoil water 
level is 3 ft. In “Bari” soil from the Punjab, 
however, water is unable to ascend beyond 6 
inches even after the lapse of several months. 

The actual loss of moisture may now be con- 
sidered. The experiments with five different 
depths of each of the three soil types were 
started on the 5th December 1938. The data 
for the month of December need not be con- 
sidered as it takes some time for a steady state 
to be attained. The mean daily evaporation in 
inches, during January, February and March 
1939, as well as the mean daily evaporation in 
inches from a Piche evaporimeter kept at 4 ft. 
above ground are given in Table II. 


TABLE I 
Height of soil column 
Type of soil 
6in 1 ft. 1} ft. 2 ft. 3 ft. 
Poona soil 1 day 2 days 6 days 15 days Not wet even 
after 3 months 
Punjab soil (normal) 1} days 3 | 21 days 
Bari” (alkali) soil from 
the Punjab Not wet even after three months 
TABLE II 
Mean daily evaporation in inches from 
Month Type of soil the top of soil columns with depths of Piche 
evaporimeter 
4ft. above 
6in 1 ft. 1} ft. 2 ft. 3 ft. ground 
Poona soil +30 +27 +18 +12 Ol 
January | “ Bari” soil from Punjab 05 02 02 01 01 +45 
Punjab soil (normal) .. +29 +23 +21 +18 09 
Poona soil +38 +34 +22 “15 -02 
Februsry | « Bari” soil from Punjab 06 02 02 02 01 56 
Punjab soil (normal) .. +37 +26 +22 +18 09 
Poona soil +48 41 +23 “16 
March | « Bari” soil from Punjab 05 03 03 02 01 aT 
Punjab soil (normal) .. -43 +30 -21 +17 -08 
It is thus seen that in the case of Poona From Table II the following general con- 


soil actual wetting at the soil surface does not 
take place even after the lapse of three months 
when the subsoil water level is more than 2 ft. 
In the case of the normal 


below the surface. 


clusions may be drawn:— 

(1)) The amount of water lost by evapora- 
tion decreases as the water table recedes below 
the surface; when the water table is 3 ft. below 
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the surface the loss of water is considerably 
smaller than when the water table is only 6” 
below the surface. 

(2) Comparing the three soil types amongst 
themselves it is seen that the loss of water from 
“Bari” soil (alkali soil containing a large per- 
centage of salts) is strikingly smaller than that 
from either the normal Punjab soil or the Poona 
soil for all the depths of the water table con- 
sidered in these experiments. 

(3) Comparing the alluvial soil from the Pun- 
jab and the black cotton soil of Poona it seems 
that the amount of water lost from both of these 
soils is of the same order of magnitude, with 
this difference, however, that when the depth of 
the water table is greater than 1% ft., evapo- 
ration from the alluvial soil of Punjab (which 
is more porous) is somewhat more than from 
the black cotton soil of Poona (which has a 
larger clay-fraction and-_is less porous). 

The experimental results will be discussed 
at greater length in a later publication. 

L. A. RAMDAS. 
A. K. MALLIK. 
India ~ Department, 


‘oona, 
May 9, 1939. 
1 Keen, B. A., ‘‘The Physical Properties of the Soil,” 


The Rothamsted Monographs on Agricultural Science, 
Chapter III, 1931. 


Studies on the British Aleurodidae 


Tue British species of Aleurodidae have not 
received the due share at the hands of the 
entomologists in the past. Their comparative 
morphology and bionomics were not thoroughly 
studied and unfortunately their systematics were 
also left in the same unsatisfactory state. Even 
until recently the position of some of the 
British species was as undefined as before, since 
their descriptions could not afford positive 
diagnostic characters. 

The original specific differentiations of the 
species under reference were based primarily 
on their food plants and such variable characters 
as the colour and shape of the body, the number 
of hairs on pup, or the relative proportion of 
the antennal segments. The subsequent workers, 
in most cases, reconciled with the original views 
without even doubting the possibility of varia- 
tions in such characters or realising the signi- 
ficance of biological necessity for the extension 
of alternative food plants and their consequent 
influence on any of these characters. 

The present investigations, therefore, were 
taken up at the Rothamsted Experimental Sta- 
tion, with the object of studying the available 
species, with regard to their systematics, food 
plants and habits, etc. 

Since the differentiating features of the nature 
stated above were found to be of least specific 
value for classification purposes, attempts were 
made to establish more reliable differences on 
the basis of certain constant characters. As the 
vasiform orifice is quite specific to this family 
and: igca: constant organ in all the stages after 
the egg, and the gentilia has also yielded results 
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of considerable interest in the taxonomy of 
other insects and is often used in determining 
species and genera, therefore, a thorough com- 
parative study was made of both these charac- 
ters along with others, and specific differences 
of significance were noted. 

Of the nineteen species recorded in Britain, 
fifteen were studied during these investigations. 
Besides, two new species, namely, Aleuroplatus 
kewensis and Trialeurodes williamsi were de- 
scribed! from ferns in hot houses at Kew 
Gardens. 

Four pairs of the species previously consider- 
ed as different, namely, (1) carpini and 
A. rubicola, (2) A. lonicerw and A. rubi, (3) A. 
proletella and A. brassicew, (4) A. quercus and 
A. avellane, have now been shown morphologi- 
cally identical in all their stages, which are also 
described. Their identity has also been estab- 
lished by cross inoculations, as well as, by life- 
history studies. Moreover, a new genus Astero- 
bemisia is proposed for the species in Set (1) 
and that under (4) is shifted to genus Pealius 
according to the characters of the pupa, and 
a new description is given for the adult of 
P. quercus,2 because the previous one did not 
agree with this species. 

Further, some significant differences are also 
shown for S. phillyree and S. immaculata, and 
certain differential characters have been pointed 
out for T. sonchi and T. vaporariorum. The 
immature and adult stages of S. phillyrew are 
also described and some stages of T. erice and 
D. chittendeni are described for the first time. 

Seasonal colour variations were also studied 

in the pupez and adults of A. lonicere, both in 
nature as well as in the laboratory, and at the 
same time some new alternative food plants 
were recorded in several species. It is there- 
fore suggested that, such variable characters 
may not be regarded as conclusive when fol- 
lowing any work of systematic nature in 
Aleurodide. 
_ Parasites and parasitism were also studied 
in some species of British white-flies. Transfers 
of parasites from one species to the other, proved 
successful when those from S. phillyree and 
T. vaporariorum were bred on A. proletella. 

Relative oviposition and the rate of develop- 
ment under coloured screens was studied in A. 
proletella and T. vaporariorum under laboratory 
conditions. 

The results of all the above investigations are 
being compiled and will be published very 
shortly. 

The assistance of Dr. C. B. Williams and the 
encouragement by the Indian Central Cotton 
Committee, by the grant of a foreign scholar- 
ship, are gratefully acknowledged. 

K. N. TREHAN. 
Agricultural College and 
Research Institute, 


Lyallpur, 
February 2, 1939. 


1 Trehan, K. N., Proc. R. Ent. Soc. Lond 
1938, 7, 182. 


2 The genus proposed by the present author. 
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The Properties of Glass. By George W. jects. The critical and conversant reader 


Morey. (Reinhold Publishing Corporation, 
New York: Chapman & Hall, 
London), 1938. Pp. 561. Price $12-50. 


Whoever has read Morey’s recently pub- 
lished book, must have come to the con- 
clusion that the international literature on 
glass has gained a work of fundamental 
importance. It fills a gap, as no book on 
glass physics, of this class, was available in 
English. 

The Germans have the Glastechnische 
Tabellen; as the name indicates, it is meant 
more for reference than for continuous 
reading. In French appeared in the last few 
years, Long’s excellent book and Damour’s 
three volumes, dealing with physical pro- 
perties of glass. Both go out from industrial 
and manufacturing problems, devoting much 
space to description of processes, the under- 
standing of which is the main aim of the 
authors. 

Morey’s book is based on the conception 
of pure glass science, it avoids any discus- 
sion or description of technicalities of indus- 
trial glass making. It deals with the physics 
of glass only, and is in its kind the most 
exhaustive and complete work that has ever 
appeared on the bookshelves. 


The author’s thoroughness, his indisputa- 
ble talent for clear arrangement of dry data 
and facts in a pleasant and readable way, 
his logical penetration into the respective 
merits of diverging theories, further his 
personal authority, allowing a general weld- 
ing together of other people’s work with his 
own research and experience, qualify the 
book not only as a mine of information, but 
also as an instrument for better understand- 
ing of intricate phenomena. It is the first 
attempt on a general synthesis of the science 
of glass and a successful one. 


All chapters are equally good and in line 
with the character of the work. The defi- 
nition of glass, its composition, devitrifica- 
tion, durability, viscosity, annealing, tension, 
heat capacity, density, expansion, thermal 
endurance, etc., etc., are their respective sub- 


will hardly find anything of importance 
omitted. 

Technicians and industrialists will find 
the chapters most instructive and informa- 


. tive, the scientist will gain by the masterly 


co-ordination of knowledge; all will appre- 
ciate the art of accurate thinking. 

Morey’s Properties of Glass is a standard 
work and its appearance, a paramount lite- 
rary event in the glass world since Dralle’s 
first edition in the pre-War days. 


A. NADEL. 


Reports on Progress in Physics. Vol. V. 
(Published by the Physical Society, 
London), 1939. Pp. 445. Price 20sh. 


This is the fifth of the series of reports on 
the Progress in Physics published by the 
Physical Society of London, under the 
editorship of Prof. Alan Ferguson. The aim 
of these reports according to the editor is 
“to present articles which shall discuss the 
latest developments in physical science, and 
which shall at once make clear to the non- 
specialists the meaning and extent of these 
advances, and provide the researcher in the 
particular field under discussion with a tech- 
nical resumé helpful to him in his own 
work”. The articles appearing in these 
reports are not so specialised or detailed as 
those appearing in the Review of Modern 
Physics or in the Ergebnisse der Natur- 
wissenschaften. But within the prescribed 
limits, they are well written and very timely. 
The retiring editor of these reports 
Prof. Ferguson is to be congratulated on the 
success with which he has carried out his 
aim in the present volume. 


The articles contained in the present issue 
are (i) reports on recent advances in differ- 
ent branches of Physics, and (ii) special. 
articles on certain aspects of theoretical and 
experimental physics and on technical appli- 
cations of physics, which have come intd 
prominence recently. It is not possible for 
the writer to review adequately all the 
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articles which appear in this Report. Men- 
tion is made below of some of the articles 
which have been of interest to him. 

Mott and Gurney give a useful summary 
of certain theories of the liquid state which 
are based upon the assumption that a liquid 
is a broken up or disordered solid. The 
report on the soft X-ray spectroscopy of the 
solid state by H. W. B. Skinner is of great 
interest, as such investigation enables the 
electron level characteristic of a given solid 
to be determined. The article by W. V. 
Mayneord ‘On the use of X-rays and y-rays 
in medicine’ is very timely in view of the 
rapid advance in the technique of high 
voltage generation and its application to the 
production of penetrating X-rays. 

Users of Geiger counter tubes wiil find an 
article on the subject by A. Nunn May very 
helpful. The article by F. C. Champion “On 
the single scattering by elementary parti- 
cles”, specially by neutrons and protons is 
of interest in view of the information they 
give about nuclear binding forces. Some 
recent developments in Quantum Mechanics 
and the difficulties associated with the first 
order equation of Dirac are reviewed by 
H. T. Flint. 

Of special interest to students of Cosmic 
rays is a very well-written report on the 
subject by W. Heitler, who has himself con- 
tributed largely to our understanding of the 
effects produced by the soft components of 
the Cosmic radiation. The reviewer has 
found it to be a very good introduction to 
a rather difficult and complex branch of 
investigation. 

Among articles reviewing recent technical 
applications of Physics mention may be made 
of the following: ‘Plastics in industrial 
physics’ by H. W. Melville, ‘Instrumental 
aids for defective hearing’ by Phyllis Ker- 
ridge, ‘Television optics’ by W. D. Wright 
and ‘Electric wave filters’ by N. F. Astbury. 

During the last few years there has been 
a rapid advance in the teaching of science in 
schools and intermediate colleges in this 
country. Those who are responsible for the 
introduction of such courses and also for 
physics teaching will be specially interested 
in the last article in this volume ‘On the 
teaching of physics in schools’ by A. W. 
Barton. The reviewer has read the article 
with great interest and profit. 


D. M. BOSE. 


American Medicine (Expert Testimony Out 
of Court). Vols. I & Il. (The American 
Foundation, 565, Fifth Avenue, New York), 
1937. Pp. 1,435. 


These two sumptuous volumes forming 
the study of the American Foundation, are 
devoted to the consideration whether gov- 
ernment should or should not play an in- 
creasing part in the administration of public 
activities in the organization of medical 
eare. The Medical Advisory Committee as- 
sociated with the Foundation Studies issued 
a comprehensive questionnaire to their col- 
leagues, and the replies received constitute 
the text of the two volumes. There is no 
department of medical enquiry which has 
not been adequately covered by the replies, 
and there must be general agreement about 
the usefulness of making the report available 
for the professional men and the public. 
It would not be correct to describe the bouks 
as a compilation of opinions, valuable as 
they are, but they hold within their com- 
pass many useful and significant facts, not 
of the usual statistical importance, but of the 
kind derived from realized experience. 
The whole object of the two volumes is to 
illuminate the several issues involved in the 
questionnaire, and not to prove any pet 
doctrine; and the replies therefore deal 
with problems capable of being handled ex- 
perimentally by all the resources of science 
and statesmanship. The letters on which 
the volumes are based are about 5,000 
from approximately 2,100 medical men. 
This stupendous mass of correspondence is, 
however, so analytically arranged under 
suitable heads, that the reader can easily 
find collected under his favourite topic a 
wide body of intelligent information. At 
first sight the two volumes might seem for- 
midable even to a voracious appetite, but 
once the reader plunges into the study, the 
interest he develops will carry him safely 
through the 1,290 pages, the matter pro- 
vided being calculated to stimulate rather 
than to cloy his keenness. 


A store of information of such magnitude 
and importance cannot fail to invoke the 
interest of the professional medical men and 
practical statesmen charged with the duty 
of organising the welfare and medical care 
of the public. This work of reference has 
a permanent value. We hope that it will 
be widely welcomed and appreciated. 
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Medical Entomology (A survey of Insects 

and Allied Forms which affect the Health 

of Man and Animals). By William 

A. Riley and Oskar A. Johannsen. Sec- 

ond Edition. (McGraw-Hill Publishing 

Co., Ltd., London), 1938. Pp. xiii + 438, 

Price 25/-. 

The second edition of this book which has 
incorporated all the latest advances obtained 
from the laboratory investigations and field 
researches, provides a complete and compe- 
tent knowledge of one of the important de- 
pertments of medical science. Insects and 
parasitic arachnids, having victimised the 
precursors of man, have been tormenting 
him since his appearance on this planet, and 
the war against them, with all the resources 
which science has placed at his disposal, has 
not ended and probably may not end. This 
warfare is full of romantic episodes and 
human interest. Apart from the profes- 
sional importance usually attached to a book 
on Medical Entomology, the interest it holds 
for the well-being and economic efficiency 
of the community should be sufficient induce- 
ment for the general public to become ac- 
quainted with the fundamental principles of 
this fascinating branch of science. 

Students of medicine will find in this book 
a full and competent exposition of the sub- 
ject of transmission of diseases by insects 
and other allied members, together with a 
complete account of the measures to control 
their dangerous increase menacing the spread 
of dire scourges. Municipal commissioners 
will discover a store of valuable information 
indispensable for dealing promptly and satis- 
factorily with the problems of public sani- 
tation and general hygiene. Health Officers 
will welcome this book as a faithful compa- 
nion in their efforts to control epidemics, 
and Ministers of Public Health fortified by 
an intimate knowledge of the latest dev- 
elopments in the science of medical entomo- 
logy, would be able to formulate wise and 
far-reaching policies ensuring the health and 
diminishing the incidence of disease in the 
body politic. 

This deeply interesting and stimulating 
book written with considerable insight and 
knowledge, should appeal to professional men 
and the ever-widening circle of intelligent 
readers who wish for an enlightened attitude 
to all that pertains to a healthy and pros- 
perous human existence. 

Any scientific work must necessarily in- 
clude large sections on systematic and ana- 
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tomical studies, but the chief merit of the 
treatment of these topics as presented by the 
authors is that instead of scaring away the 
general reader, it provides added interest to 
his understanding. The life-histories of in- 
sects are told in simple language and the 
numerous illustrations which are clear and 
attractive will enable the lay readers to 
obtain a vivid picture of the whole develop- 
mental process of the group. The chief im- 
portance of the subject of entomology lies 
in the fact how the insects which must have 
entered at first into symbiotic relations with 
the warm-blooded animals, gradually chang- 
ed this phase of biological phenomenon into 
parasitic habits, with dreadful consequences 
to the hosts. Perhaps recruitment to ‘the 
ranks of parasitism is silently taking place 
at present in order to restore the balance 
of power in their conflict with man who is 
their only implacable enemy. The fact that 
Nature, while destroying the gigantic lizards 
and mammals, has carefully preserved the 
flea, the louse, the bug and the cockroach, 
shows that the power to survive cataclysmic 
changes on the part of insects is infinitely 
greater and more varied than in the highly 
specialised creatures, and the laurels of the 
fight will necessarily go to the party more 
favourably endowed. At present man seems 
to be engaged in an unequal contest, but 
later on when his knowledge and resources 
become fuller he may deal a death-blow at 
the vermin pestering him, and before he 
does so, he must have a deeper understand- 
ing of the consequences resulting from the 
extinction of his enemies. 

Those who wish for more information than 
is contained in the book are referred to an 
extensive Bibliography provided in the 
Appendix, and others who may wish to have 
a ready weapon to deal with the household 
pests have a chemical formula indicated, 
with directions fumigating them. 

The book is a welcome contribution to the 
science of Medical Entomology. It is bound 
to be widely appreciated. 


Electrical Engineering Practice. By 
J. W. Meares and R. E. Neale. Vol. I (5th 
Edition). (Chapman & Hall, Ltd., London), 
1938. Pp. 780. Price 25sh. 

The fifth edition of this very useful book 
will be equally welcome to the engineer and 
the student of modern electrical practice. 
It treats the subject simply but exhaustively 
and no important advance in equipment or 
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practice seems to have been omitted. In the 
present edition the book has been thoroughly 
revised and considerably enlarged by the ad- 
dition of a lot of new up-to-date matter. It 
aims at filling a gap between pocket books 
containing technical data and technical works 
by specialists dealing with individual 
branches of electrical engineering, the book 
deals not only with a mass of useful techni- 
cal data and information relating to modern 
methods but also with simple and clear 
explanations relating to electrical pheno- 
mena and theory. Yet throughout it is 
essentially practical in tone and contains in- 
formation of a strictly utilitarian nature. It 
will thus be useful not only to the electrical 
engineer but also to the civil or mechanical 
engineer who has anything to do with elec- 
trical engineering. The Bibliography at the 
end of each chapter adds considerably to 
the value of the book and makes it a useful 
work of reference which should find a place 
in the library of every engineer. That it 
fills a real want can be seen from the fact 
that it has now run into the fifth edition. 
F. N. M. 


The Commissioning of Electrical Plant 
and Associated Problems. By R. C. H. 
Richardson. (Chapman & Hall, Ltd., 
London), 1939. Pp. 380, 201 figures. 
Price 21sh. net. 

Many readers of this book will find the 
“associated problems” of more interest than 
the main subject of the title. It is divided 
into sections dealing with the main types 
of electrical plant: the first part of each 
section deals with the commissioning of the 
particular type and this is followed by 
chapters on troubles in that type, peration, 
and “theoretical and practical considerations 
relative to running”. 

The “Commissioning” part is a very comp- 
lete and up-to-date collection of informa- 
tion, instructions and points to be taken 
care of, while the remainder of the book 
deals with a variety of interesting prob- 
lems which is not usually found between the 
covers of one book and it is a valuable addi- 
tion to the literature on electrical engineer- 
ing. Power engineers will find the whole 
of the book of direct application to their 
work, while students will find in it a collec- 
tion of problems which will be directly 
useful to their studies, such as neutral point 
earthing, parallel operation of transformers, 
calculation of short-circuit currents, mea- 
surement of power factor, etc. The last 
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chapter contains useful “technical methods”, 
for’ those whose mathematics is not too 
strong, on such matters as Symmetrical 
Components. 

The whole book is well written in a con- 
cise manner, right up-to-date and includes 
many points not previously covered in text- 
books. 

It is easy to read by anyone with even 
elementary ideas of electrical engineering 
and requires only a limited knowledge of 
mathematics. K. ASTON. 


Chemistry of Proteins. By Dorothy Jordan 
Lloyd and Agnes Shore. Second Edition. 
(J. A. Churchill, Ltd., London), 1938. 
Pp. xi+ 532. Price 21sh. 

Since 1926, when the first edition of this 
volume made its appearance spectacular 
advances have been made in the field of 
protein chemistry. The Carbobenzoxy method 
of Bergmann, which has revolutionised the 
synthesis of peptides, has led to the elucida- 
tion of the nature of proteoclastic action on 
the one hand and of protein structure on the 
other. Advances in immuno-chemistry and 
nutrition, crystallisation of proteoclastic 
enzymes and plant viruses, X-ray studies of 
proteinous fibres, ultracentrifugal studies of 
these high molecular compounds at Upsala, 
have all wielded a tremendous influence on 
the progress of protein chemistry and these 
represent studies which have been made 
since the publication of the first volume. A 
second edition of the volume has, therefore, 
not appeared a little too early, and has ap- 
peared as a collaborative effort. The incorpo- 
ration of these developments has necessitated 
the omission of the industrial aspects of 
protein chemistry, which were featured in 
the first edition. We have no doubt that the 
authors will plan the publication of a com- 
panion volume devoted to a discussion of the 
applied aspects of the subject. 

The task of weaving together the advances 
in such apparently diverse fields, from 
enzyme chemistry to X-ray analysis, has 
been admirably accomplished by the authors 
and we have in this volume a _ well-knit 
account of the chemistry of proteins clearly 
presented and critically appraised. This is 
a volume which should have wide appeal to 
a large circle of investigators, physicists, 
chemists, physiologists and biochemists all 
of whom will warmly welcome the appear- 
ance of a well-informed text-book on protein 
chemistry in the English language. 


M. S. 
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The Origin of Life. By A. I. Oparin. 


(Messrs. Macmillan & Co., Ltd., London), 
1938. Pp. 270. Price 8/6. 


An extremely fascinating book which 
seeks to give a physico-chemical explanation 
for the origin of life. All theories in support 
of the spontaneous generation of life are 
briefly stated and dismissed as fantastic. 
The conditions on earth when it separated 
out from the Sun were such as to make 
existence of life impossible. It is logical to 
presume that the manifestation of life has 
taken place during the evolution of matter. 
Carbon, nitrogen and other elements pre- 
sent in the Sun passed into the gaseous 
matter which ultimately condensed to form 
the earth, and in the process of cooling down, 
produced carbides and nitrides of heavy 
metals. The interaction of these substances 
with the aqueous vapour present in the 
atmosphere, gave rise to hydrocarbons and 
ammonia and from these arose a variety of 
organic substances which became progres- 
sively complex through polymerizations and 
condensations. ‘These complexes were held 
in colloidal suspension in the water of the 
seas. As the colloidal suspensions of differ- 
ent substances came together, new forms, 
the coazervates, resulted which got separated 
from the aqueous medium. The coazer- 
vates developed within themselves definite 
physico-chemical structures and their fur- 
ther history depended upon their ability to 
incorporate into themselves the organic sub- 
stances present in the medium, or in other 
words, their ability to grow. A dynamic 
condition was thus established and only 
such coazervates survived which developed 
a favourable internal organization. The 
‘life’ so begun started on its course of evo- 
lution. 

The coazervate thus becomes the pattern 
of life and occupies the central position; in 
fact, it lies between the living and the non- 
living. At a later stage, it acquired such 
attributes as adaptation, movement, meta- 
bolism, reproduction, which are generally 
associated with life. 

That the origin of life must be capable of 
explanation from pure physico-chemical 
considerations is an article of faith with the 
scientist. Just as the once insurmountable 
barrier between inorganic and organic matter 
vanished with the synthesis of urea by 
Wohler, even so, the transformation of non- 
living matter to living substance capable of 
exhibiting directive and_ self-duplicating 


Reviews 271 


powers may become capable of rigorous 
proof. The question is, how far has such a 
proof been furnished? In his review on The 
Laws of Heredity and the Cause of Evolu- 
lution, Dr. MacBride (Science Progress, 1939, 
33, 773) refers to a reply which Sir James 
Jeans gave when he was “chided” for using 
the word “creation”. The reply was “It is 
all very well, science takes you back a cer- 
tain distance and then brings you up against 
a blank wall”. We admit that Prof. Oparin 
has taken the wall to a greater distance than 
ever before but it is doubtful whether the 
wall has been demolished. The origin of 
organic matter, of colloids and of coazer- 
vates has received plausible explanation 
but while one is in full accord with Prof. 
Oparin in -the possibility of Coazervates 
developing structures and even undergoing 
duplication, it would be pertinent to ask 
whether such capacity distinguishes the 
living from non-living matter? Traube’s 
‘artificial cells’ too have structures and exhi- 
bit the phenomena of growth and multipli- 
cation. To say that with the coazervates 
“a peculiar selective process had come into 
play which finally resulted in the origin of 
colloidal systems with a highly developed 
physico-chemical organization, namely, the 
simplest primary organism’, is to import 
into the discussion a factor which is obscure. 
The processes that were responsible for en- 
dowing the colloidal complexes with the 
attributes of life, i.e., “purposefulness in the 
development of the inner structure adapted 
to carry on definite vital functions’, re- 
main yet undefined. 

The book constitutes a distinct contribu- 
tion to the existing literature on the origin 
of life. The translator has earned the grati- 
tude of the English-knowing public for 
making Prof. Oparin’s thesis accessible to 
them. 


Portraits of Eminent Mathematicians. 
Portfelio II. By David Eugene Smith 
(Scripta Mathematica, New York), 1938. 
13 Portraits. Price $3. 

This portfolio, the second in the series, 
contains the portraits and brief biographical 
sketches of thirteen eminent mathematicians, 
whose contributions to the science of mathe- 
matics are of a permanent character. It 
includes such distinguished names as Euclid 
of Alexandria, unique as a text-book writer; 
Cardan (1501-1576), the foremost Italian 
mathematician, a genius without principles; 
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Kepler (1571-1630), the brilliant astrono- 
mer, dogged by illness and poverty, who 
became the Professor of Astronomy and 
Mathematics at Graz at the age of 23; 
Fermat (1608-1665), a most retiring man 
of science who gave no attention to mathe- 
matics until he was over 30 years of age; 
Pascal (1623-1662), whose life was brief 
but brilliant, a man of delicate health, who 
had “never passed a day without pain from 
the age of 18’; Euler (1703-1783), who could 
calculate without effort “as men breath and 
eagles sustain themselves in the air’ and 
though handicapped by the loss of his right 
eye at the age of 28 and his left 
eye at 59, continued his studies with the 
assistance of his son; Laplace (1749-1827), 
famous for his efforts to educate the edu- 
cators, to raise teachers to the rank of 
scholars; Cauchy (1789-1867), the conceit- 
ed mathematician, born poor but achieved 
success in later life, the author of about 800 
important memoirs; Jacobi (1804-1851), a 
German scholar well known for his work 
on Elliptic Functions; Hamilton (1805- 
1865), the Irish infant prodigy, who could 
read English fluently at 3, perform mental 
long operations with numbers at 12, and 
was looked upon as an outstanding scholar 
of international standing at the age of 17, 
well known for his work on Quaternions; 
Cayley (1821-1895), the English mountain- 
eer-mathematician, who spent a good deal 
of his time in reading novels and published 
967 papers; Chebishef (1821-1894), one of 
the two greatest mathematicians of Russia, 
generally looked upon as the founder of the 
Russian school of mathematics, who chose 
a life of struggle and poverty in order to con- 
tinue his mathematical career and lastly 
Poincaré (1854-1912), with feable eye- 
sight but remarkable memory, with no re- 
markable ability for mathematics as a youth, 
but grew up into one of the greatest mathe- 
maticians of all times. These are scientists 
whose biographies are briefly recorded in 
the portfolio. “You may think”, says the 
author in his Introduction, “ihat if you only 
had a fortune, if you had been born ‘in 
luxury, and if you ‘only had a chance’ in 
this world, your name might be known in 
every city, State and country. A study of 
the lives of those who became known as 
leaders in the fields of mathematics, natural 
science, engineering and their related sub- 
jects, will show you that great renown may 
be achieved by those of humble birth and 
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seemingly hopeless ‘chance’.” How true 
these words are can be realised by a study 
of the biographies recorded in this valuable 
work. 


Wood Pulp. By Julius Grant. (Chronica 


Botanica Co., Leiden), 1938. Pp. 209. 

Price 15sh. 

The above work, which has been published 
by Chronica Botanica Co., Leiden, Holland, 
as Vol. II of A New Series of Plant Science 
Books, presents in a fascinating and real- 
istic manner the complete story of wood 
pulp, on which industries of great economic 
importance and vast magnitude, e.g., paper 
and rayon, are based and which is the parent 
substance for a number of other promising 
industries, e.g., power alcohol, sugars, ex- 
plosives, plastics, constructional materials 
and so on. 

In the first chapter of the book, the author 
prepares the ground by giving a general 
introduction to the definition and nature of 
wood pulp and its relationship to other 
fibrous materials, the geographical distribu- 
tion and conservation of ‘Wood Pulp Forests’ 
(this might have been better put as ‘Pulp 
Wood Forests’) and the classification of pulp 
woods. After giving a historical survey of 
Paper-making and Manufacture of Wood 
Pulp in the second chapter, the author 
leads the reader on, in the _ third 
chapter, to a brief account of the chemi- 
cal properties, compounds and_ structure 
of cellulose and of the structures of fibres 
and the growth of trees. In conformity 
with the purpose of the series to which 
the book belongs, a reference is then made 
in the fourth chapter to the anatomical, 
physical and chemical methods of identify- 
ing and evaluating pulp woods. With this 
foundation the author proceeds, in the next 
seven chapters, to give essential details, in- 
volved in the manufacture of mechanical 
and chemical pulps from wood. Without 
going into too many technical and engineer- 
ing details, the author lucidly and briefly 
explains the theory and practice of the 
principal established processes, viz., (1) the 
mechanical or groundwood process, (2) the 
sulphite process and (3) the alkaline pro- 
cess (soda and sulphate processes) toge- 
ther with the chemistry and methods of 
recovering alkali from these processes. No 
mention, however, is made of the neutral 
sodium sulphite process, perhaps because 
this process has hitherto found only a limited 
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application. The nature and properties of 
pulps obtained by each process and the uses 
to which they are put are discussed along 
with each process. The next three chapters 
deal with the chemistry and modern practice 
of bleaching, purifying and refining the pulps. 
In the following chapter an interesting ac- 
count is given of the work done on the pos- 
sible utilisation of the various by-products 
arising from the operations of pulp manu- 
facture by the three main processes. Phy- 
sical and chemical tests for the evaluation 
of pulps for paper, rayon and similar pur- 
poses and identification of fibres are em- 
bodied in a brief but clear manner in the 
next two chapters. The next chapter deals 
with the processes employed in the conver- 
sion of pulp into paper and boards. ‘The 
first half of the next chapter summarises 
the type of paper for the manufacture of 
which the various grades of wood pulp are 
available and the processing of papers for 
the manufacture of speciality producis, e.v., 
chromo and art papers, vegetable parchment, 
vulcanised goods, waxed and waterproof 
papers, cheque papers, photographic papers, 
and so on. The next half of the chapter 
deals with the production of rayon and allied 
products, e.g., staple fibres, dopes, lacquers, 
plastics, explosives, photographic films, etc. 
In the last chapter the author addresses him- 
self briefly to a consideration of the numer- 
ous other miscellaneous uses to which wood 
pulp has been put in recent times, ¢.g., 
moulded products, constructional and build- 
ing boards and materials, toilet requisites, 
imitation leather, pulp yarns, textile pro- 
ducts like “cellwolle’’, cellulose sponges and 
so on. The book is concluded with an 
interesting discussion on the future supplies 
of pulp wood and other fibres to meet the 
multitudinous variety of the ever-growing 
demand for paper and allied products in 
modern civilization. 

The thorough and practical handling of a 
vast subject of such widespread interest 
and importance, in the course of 20 chap- 
ters, covering only 202 royal octavo pages, 
is indeed highly commendable. The biblio- 
graphy of books and periodicals on pulp 
and paper-making at the end of the iirst 
chapter, a subject and name index at the 
end of the book and generous references to 
literature throughout the text, add greatly 
to the value of the treatise. It is, therefore, 
hoped that the book would prove of use and 
interest not only to those who are actually 
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engaged in the pulp and allied industries, 
but also to students, who wish to add to 
their knowledge of the technical aspect of 
these industries. Dr. Grant is to be heartily 
congratulated on his able and praiseworthy 
performance. M. P. BHARGAVA, 


Tantalising Time. Actualites Scientifiques 
et Industrielles—Par Joseph Sivadjian— 
Vol 2, No. 616, 18fr.; Vol. 3, No. 617, 
20fr.; Vol. 4, No. 618, 15fr.; Vol. 5, No. 619, 
10fr.; Vol. 6, No. 620, 10fr. (Herman & 
Cie, Paris), 1938. 

Down the ages, since the dawn of rational 
human speculation, philosophic and scienti- 
fic thinkers have attempted to solve the 
problem of Time, and even at the present 
day, notwithstanding the staggering pro- 
gress achieved by the laboratory sciences, 
it would be impossible to state that the 
problem of Time has been satisfactorily 
solved. The booklets or pamphlets under 
notice are thus welcome as they deal with 
the analysis of the concept of Time from 
different angles of critical vision. Of these, 
the second volume deals with specifically 
or distinctively metaphysical problems with 
pointed reference to Neo-Platonic ramifica- 
tions and Scholasticism. Time was once 
understood to be “law of phenomena”. In 
the third volume, Time is sought to be grasp- 
ed through the Psychological approach. 
Reference is made to the view that Time 
is the “form of consciousness” to “forma- 
tion’, “duration” and allied topics. In the 
fourth, the “Physical problem” in respect 
of Time is discussed. “Spatio-temporal 
continuum”, “Relativity”, “Reversibility of 
space” and “Irreversibility of time” “Ato- 
mic measure of time and space” figure pro- 
minently in this volume. Time, understood 
as a physiological problem, is the subject- 
matter of the fifth volume. After pointing 
out the physiological basis of time, the 
author notes that animals are not devoid 
of the sense of time. Perhaps Plant-life too 
has a characteristic sense of time. In the 
sixth volume, Time, understood as a prob- 
lem of the subconscious, receives a fairly 
detailed study. After a brief analysis of the 
notion of Time in dreams, questions are 
referred to such as—Is there time-sense in 
dreams? Do we transcend time in dreams?— 
and so forth. The author indicates the con- 
clusion that there is no time-sense in dreams. 
Dreams and hallucinations are analysed and 
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their differentia noted. The Relativity of 
time is emphasized. 

After a fairly careful study of the contents 
of the volumes under notice, I find that the 
concept of Time continues to be as tantalis- 
ing as ever. Except within the circumscribed 
sphere of the physicist and the mathe- 
matician, time-space, that mysterious com- 
mingled entity, has not been properly 
understood. Centuries ago, Nyaya-Vaiseshika 
thinkers decided that Time and Space are 
irreducible, independent cosmic constituents. 
Kala (Time) and Désa (Space) were con- 
sidered to be independent substances (Drav- 
yas). While scientific orthodoxy every- 
where means a dictatorship to which impli- 
cit allegiance or obedience is demanded, the 
uninitiated man in the street is generally 
unwilling to bow to such _ dictatorship. 
Attempts to reduce time to space, space: to 
time, and create time-space or space-time 
a la the super-man of Shaw must appear 
unconvincing to the commonsense man. 
Philosophic or metaphysical thinkers, full 
of years and wisdom, quibble about “Time 
is in a person’, “A person is in time’, and 
so forth. In the ultimate analysis, Time is 
identified with the Absolute, the cosmic 
Creator Himself. (The Gita text has it— 
“Kalosmi-lokakshayakrit’—I am Time, the 
Destroyer of the worlds.) In the peculiar 
program of psycho-physical purification or 
perfection adumbrated by Yoca, Time is 
understood in purely physiological terms in 
reference to inhalation and exhalation, and 
control of both is believed to lead to extra- 
ordinary experiences. Astronomers - still 
delightfully speculate about life on other 
planets. If Mars is at all inhabited, what 
sort of a time-sense would the denizens of 
that ruddy planet have? Speculations like 
these must show that Time must for ever 
continue to be tantalising. 

Not time, but the effects of time, are so 
devastating that man desires to escape from 
them. MHair-dye, powder, and cold-creams 
with the amusingly adventitious aid of 
which advancing age and its inevitable 
effects are sought to be checked, though in 
a familiar and flippant atmosphere, indicate 
a profound truth, the basic significance of 
which had been correctly appreciated centu- 
ries ago by ancient Indian master of thought. 
Time means motive or motivation. Motive 
means action ethically or morally good or 
bad. Action, in its turn, means imprison- 
ment or bondage in a series of births and 
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deaths in the labyrinthian den of trans- 
migration. Release from this sort of im- 
prisonment has been held the goal of life, 
of man’s moral effort and endeavour. 

Thus, the concepts of Time and Eternity 
continue to baffle and tantalise mankind. 
Whether we have an “Expanding Universe’, 
or a CONTRACTING UNIVERSE, whether Evo- 
lution is emergent or creative, the tyranny 
of Time is there. The irreversibility of time 
is the most sensational phenomenon. A 
moment lost is lost for ever. Recall is pos- 
sible in the shape of memory-imagery. But 
a recalled bit of experience is not the ex- 
perience itself in its original setting, and 
intensity of intellect, emotion, and volition. 
That is why Buddhism and the Vedanta, 
though metaphysically poles asunder, yet 
agreed on the importance of Time. Life 
may be long: or short. While we live, let 
us live correctly, morally and spiritually. 
That is a message, the value of which is 
untouched by the passage of Time. Time 
flies and the rest is lies, observed old 
Khayyam. Fugit tempus. Beyond _ this, 
even the modernest Science does not seem 
to have advanced. On the depth of thought 
revealed the author of the booklets deserves 
to be sincerely felicitated. 

R. NAGARAJA SARMA. 


Text-Book of General Zoology. By W. C. 
Curtis and M. J. Guthrie. Third Edition. 
(John Wiley & Sons, New York; and 
Chapman & Hall, London), 1938. Pp. 682. 
Price 18sh. 6d. 

The authors have endeavoured to make 
this edition of their book more exhaustive 
than the previous editions; and the present 
volume contains nearly a hundred pages 
more than the second edition. The chap- 
ter on the History of Zoology has been 
omitted and in its place an introductory 
chapter with a list of books of general int- 
erest has been added. An important addi- 
tion to this book is a chapter on Chordata 
which had been a serious omission in the 
earlier editions. Some portions of the book 
have been revised, and illustrations of typi- 
cal animals of various phyla are a useful 
feature of this book. 

In these days of intense specialisation in 
Zoology, it is relatively rare to come across 
a book dealing with various aspects of Zool- 
ogy which would be helpful to a beginner or 
a layman. The book under review fulfils 
this requirement and it is truly a “General 
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Zoology” containing brief but clear account 
of almost every aspect of Zoology. Topics 
like Nervous Co-ordination, Experimental 
Breeding, Sex Determination, to mention 
only a few, have been detailed in such a 
manner as to enable a layman interested in 
the principles of Biology to follow them with 
minimum effort. This book would form a 
very useful addition to the libraries in the 
Colleges and High Schools in India. 

On page 510, an illustration of one of the 
Gobioid fishes has been wrongly labelled as 
Anabas scandens and it is hoped that this 
error will be rectified in a future edition of 
this valuable book. A. &.;B. 


Plant Ecology. By J. E. Weaver and F. E. 
Clements. Second Edition. (McGraw-Hill 
Publishing Company, Ltd., London and 
New York), 1938. Pp. 601. Price 24s. 
The first edition of this notable text was 

published in 1929, but the marked progress 
that has taken place during the last decade 
in the field of ecology has already led to 
some important changes in the present edi- 
tion. The number of pages has increased 
by 83 and more than 400 new references 
have been added to the Bibliography. The 
whole text is generally brought up-to-date 
but the most important additions are con- 
cerned with soil science and the conserva- 
tion of water and wild life. The value of 
the book is enhanced by the fact that it 
contains much practical advice on the 
methods of ecological study. 


The text seems to have been written pri- 
marily for American requirements, but 
teachers, research workers and post-graduate 
students in India will also find it of great 
value. It is hoped that in the next edition 
the authors will also try to include some of 
the work done by Indian Botanists in this 
line. P. MAHESHWARI. 


Biology for Senior Schools. Book I. By 
M. R. Lambat, M.A. (Macmillan & Co., 
Ltd., London), 1937. Pp. 218. Price 2sh. 6d. 


With the increasing appreciation of the 
fundamental value of science teaching in 
secondary education, the study of life 
through Plant and Animal Biology is re- 
garded as an essential part of child train- 
ing. The object of such a study is to stimu- 
late the natural curiosity of the child which 
usually finds expression in the why, what 
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and where of things in general. If the 
scheme of studies should contemplate such 
an instruction by well-planned and intelli- 
gently guided scheme of investigations into 
the natural history of the Animal world, we 
have no doubt that the child is not merely 
initiated into the mystery of Life but would 
also be equipped for good citizenship. 

The book under review is a well-planned 
book on Elementary Biology and is a suc- 
cessful attempt at creating the student’s 
interest in biological studies. An animal or 
a plant could be studied from various as- 
pects. Its structure, both external and inter- 
nal, its functional activities, its relations to 
the animate and inanimate environment and 
its developmental history are a few of the 
aspects of such a study. It follows therefore 
that the study of Biology in the field would 
be the most successful and useful one. 


Within a short compass, the author pre- 
sents an extremely interesting and instruc- 
tive account of plants and animals and as 
an introduction to biological studies, the 
types selected are thoroughly representative 
besides being the commonest. The first nine 
chapters deal with the attributes of living 
organism and bring out lucidly the essen- 
tial differences between plants and animals. 
This aspect is fundamental as it emphasises 
the Unity of Life and gives the student an 
idea of his own position in the animal 
kingdom. 

In the later chapters the author gives an 
idea of seasonal changes, both in animals 
and plants and describes in an easy manner 
the functions of the different parts of 
a typical plant. The last four chapters, 
brates, are useful in the sense that without 
going into details, the author describes the 
animals with reference to their feeding, 
movement and reproduction. This it seems 
to us, would stimulate in the student interest 
in the subject without developing in him a 
horror for minute structural details. 

At the end of each chapter, suggestive 
questions are included. The simple experi- 
ments described to demonstrate the various 
functional activities of plants and animals 
are valuable for a correct appreciation of the 
subject-matter. The book is well illustrated 
and the get-up is good. 

We recommend the book to all High 
Schools where Biology is taught as part of 
the Secondary Education. B. R. S. 
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Electron Optics. By L. M. Myers. 
man & Hall, Ltd., London), 
618. Figs. 379. Price 42sh. 


The expression “Electron Optics” was used 
by Dr. Davisson, twelve years ago, to de- 
scribe the interference of the electron waves. 
The book under review, however, deals with 
the geometrical optics of the electron, mov- 
ing in non-homogeneous fields. The chief 
contributions to this science have been made 
by the German and the American workers. 
The two books, Geometrische Elektro- 
nenoptik and Beitrage zur Elektronenoptik, 
are well known; no authoritative text-book 
on the subject of Electron Optics was pub- 
lished in the English language, and so the 
author, who is associated with the Marconi 
Company, comes forward with the present 
volume. 


In this book, Mr. Myers gives an exhaust- 
ive treatment of the subject; both theoreti- 
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cal and experimental details are included 
in the book. He first compares the elec- 
trons with the light corpuscles, then treats 
the electron trajectories mathematically, and 
finally, he describes the various methods to 
build the electron multipliers and micro- 
scopes and how they may be used. The 
Bibliography at the end of the book would 
be very useful to the worker in this field. 
Without hesitation I would recommend the 
book to an Electron Optician. But I do 
not think that the author’s claim that the 
book is written primarily for the graduate 
student, who intends to take electron optics 
as a career, can be substantiated. The 
large number of errors left behind in proof- 
reading, specially in the mathematical treat- 
ment (e.g., not less than 30 in Chapter II) 
make the book rather unsuitable for a 
graduate student. The impression is pro- 
duced that the book was rushed through the 
press. K. R. Drxrt. 


Agricultural Marketing in Northern India* 


HOUGH the literature on the subject of 
the marketing of agricultural products 

is rapidly increasing, much of it covering the 
same ground, drawing attention to the same 
drawbacks and suggesting more or less the 
same methods of improvement, the field can- 
not by any means be considered to be fully 
covered or the points of view exhausted. 
The importance and complexity, moreover, 
of the subject in respect of such a large 
continent like India with its wonderful 
diversity of agricultural products, and the 
fact that so little has been accomplished by 
way of improvements in marketing methods 
in spite of these studies justify a larger and 
larger amount of attention being bestowed 
on the subject. It is from this point of view 
that we welcome this new publication as a 
further helpful study. Though the author 
has confined his study to the main products 
of Northern India such as wheat, sugar, rice, 
oilseeds, cotton and jute, it is obvious that 
to a great extent his observations and con- 
clusions will apply to other parts of the 
country as well and to many other kinds 


* By. S. H. Husain, B.com., rh.p. (Econ.), with a 
Foreword by Sir Harry Lindsay, K.c.1,8., 0.B.£., London, 
(George Allen & Unwin, Ltd., London), 1938, Pp. 342. 
Price 15/-, 


of products also. The restricted scope may 
be said also to increase the thoroughness 
and the accuracy of the book while the com- 
modities dealt with practically comprise 
the main products of the country as a 
whole at the same time. The author has 
laid all the important published literature 
on the subject fully under contribution, 
with the exception of the results of the re- 
cent marketing surveys by the Government 
of India, and the book is fully documented. 
The need for an improvement in the 
prices of agricultural produce in general, 
both in the overseas market and within the 
country itself and for securing to the grower 
as large a share as possible in this price as 
distinguished from the share of the mer- 
chants and middlemen are the main themes 
and both receive adequate attention. Much 
familiar ground is covered but many of the 
observations will bear emphasis and repeti- 
tion. The great slump in the prices of pro- 
duce and the consequent depression are 
attributed to merely overproduction; the 
causes, mainly political, economic and fiscal, 
which have led to a shrinking in the pur- 
chasing power of the masses are, we think, 
not given the importance they deserve in this 
perplexing situation. The author’s remarks on 
the value of the preferences under the last 
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Ottawa Trade Agreement are interesting; 
Indian castor holds the market by virtue of 
its high quality, the preference to ground- 
nut is shared by the Colonies also who are 
India’s chief rivals; in respect of linseed, 
it is a case of taking away with one hand 
of what has been given with the other—a 
view which is supported by facts and figures. 
In respect of cotton, however, the author 
would have us cultivate and retain the good- 
will of the overseas markets and would 
probably support the sacrifice which the 
mill industry has been asked to make for 
this purpose. under the new agreement. We 
also venture to think that the importance 
of judicious protection might well have been 
emphasised a little more, especially with the 
example of the Indian sugar industry before 
us which, by the way, receives fairly 
exhaustive treatment. Improvements in 
quality of produce, cleanliness, freedom from 
mixtures and grading are of course dealt 
with in this connection and the author 
draws attention to the fact that such special 
produce fails to secure the premium that it 
is entitled to and that the incentive is not, 
therefore, sufficient. The need for widening 
markets, for scientific research for finding 
other uses than the well-established ones, 
and for special efforts to advertise are indi- 
cated, the example of the Indian tea indus- 
try being held up as a model and that of 
the Indian jute industry as a warning. 
“Living in the paradise of monopoly and 
basking in the sunshine of high prices’’, the 
jute industry has grossly neglected its per- 
manent interests and now has to helplessly 
look on while its markets are steadily shrink- 
ing with the rapid growth of other methods 
and materials of storage. 

As regards internal markets and the 
improvement of the position of the grower 
vis-a-vis the merchant, the subject of trans- 
portation, both by road and rail, of regu- 
lated markets of linseed warehouses, of 
storage facilities, of financial assistance for 
holding up produce and sale through co- 
operative societies, all receive clear and 
forceful treatment. We should strongly 
plead with the author for the provision of 
proper storage facilities, both in the pri- 
mary and the central markets. The under- 
ground structures, both katcha and pucca, 
and even the cement concrete improved ones 
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should be replaced by good above-ground 
bins, preferably of the elevator type. The 
present ones are primitive to a degree and 
are relics of a troubled past, when grain 
stores had to be hidden quite as much as 
gold and silver. The wastage is large even 
at the best of times, and all but complete 
if conditions are unfavourable. Labour at 
these stores is no holiday occupation and 
poverty and custom alone ensure it at pre- 
sent. It is no argument to say that the 
failure of the costly Lyallpur Elevator was 
not a success; the author fully explains the 
reasons and we would only add that changes 
considered novel and unsuitable not many 
years ago have become the common prac- 
tice under the rapidly changing conditions 
in India. The mistakes of the past can easi- 
ly be avoided and smaller and less costly 
types of elevators suited to the conditions 
of the ordinary mundies can be erected. 
The inadequacy of finance through co-ope- 
rative agencies is forcibly brought out by 
the instance of the U.P., where out of 124 
crores of rupees of rural debt, only about 
4 crores comprised amounts advanced by 
Government and co-operative societies put 
together! It is true that co-operative sale 
societies have not been a uniform success but 
there is no other method which holds pro- 
mise of help to the grower more than these 
institutions. The author’s remarks on the 
failure or partial success of the Commission 
shops of the Punjab and why ryots do not 
patronise them in spite of the decided and 
undoubted advantages they afford are 
valuable and reveal the kind of mistakes 
to be avoided. The author has throughout 
stressed the need for making agriculture 
more paying than it is at present if any 
real and permanent amelioration is to be 
brought about and for increasing production 
all along the line, taking full advantage of 
the results of research in reducing costs, 
avoiding losses, and increasing yields. As 
observed in the Foreword to the book by 
Sir Harry Lindsay, “there is no shortcut to 
a solution of the problems which the author 
has so well described”, but the general lines 
of attacking them along a wide front are 
comprehensively indicated and we should 
consider the book a welcome contribution to 
the rapidly growing literature on this sub- 
ject. & A 
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Trout Culture in Ceylon 


eh recent treatise of Mr. Philip Fowke, 
Superintendent of the Ceylon Fishing 
Club’s Hatchery at Nuwara Eliya, on “Trout 
Culture in Ceylon’! should prove of special 
interest for all connected with Trout 
Culture in India. The work is of special 
significance as it is the first of its kind that 
deals in a comprehensive manner with trout 
culture in Indian waters (sensu lato); the 
information regarding the cultivation of 
trout in these waters so far published is 
contained in a number of short and scattered 
articles in various journals and is not easily 
available. 

The author has confined himself to the 
culture of the Rainbow Trout, as Brown 
Trout are not bred in the Ceylon Hatcheries, 
partly owing to the comparatively higher 
temperature of the water, but mainly 
owing to the fact that in Ceylon the 
cock and hen fish are never in season at 
the same time. The latter is a very impor- 
tant point for pisciculturists, as workers are 
liable to fertilise ripe ova with unripe milt 
with disastrous results. 

Mr. Fowke deals with the culture of the 
Rainbows in eleven sections: Introduction 
of Trout in Ceylon, Spawning and Stripping, 
Hatchery, Nursery Ponds, Conditioning and 
Transport of Fry, Transport of Eyed Ova, 
Care of Streams, and finally, the Wanderings 
of the Rainbow Trout. After giving a brief 
description of the Nuwara Eliya Hatchery 
and how Trout were introduced in Ceylon, 
the author discusses in detail the spawning 
and stripping operations and gives an ac- 
count of the origin and history of artificial 
fertilisation and up-to-date hatching meth- 
ods. He directs particular attention to the 
desirability of removing dead eggs daily 
before eyeing without disturbing or injur- 
ing the remainder, as this has been the main 
reason of the great success of piscicultural 
operations with the Rainbow Trout in 
Ceylon. 

In the section on Mortality of Trout, a 
brief account is given of the various dis- 
eases that attack young and old fish in 
Ceylon. This subject, although widely stu- 
died in America and Europe, has, owing to 
the lack of research facilities in the hatche- 
ries, received very little attention in India. 


1 Ceylon Jour, of Sci., Sec. C, Fisheries, Nov. 21, 
1938, 6 


The account of the construction of Fry and 
Nursery Ponds, Conditioning and Trans- 
portation of Fry and Ova, though mainly 
based on the conditions in Ceylon, should 
prove of value to pisciculturists in various 
parts of India also. The great success 
achieved in transporting fry without chang- 
ing the water in Ceylon is. very interesting. 

In the section dealing with the care of 
streams, the outstanding features are the 
choice of waters for the Brown and the 
Rainbow Trouts, the methods for providing 
and conserving food and the marking of fish 
for studying their movements, growth, etc. 
Special reference is necessary to the obser- 
vations on the wanderings of the Rainbow 
Trout in Ceylon. It was till recently a 
puzzle to all trout culturists in India as to 
why the Rainbows disappear from all 
waters. The author has now shown that 
what is regarded as the freshwater Rainbow 
is in reality a different species, the Salmo 
rivularis or gairdnerii or the steelhead 
which is an anadromus fish. The number 
of lateral line scales, which, according to the 
author, is a character of considerable diag- 
nostic value, serves to distinguish this spe- 
cies from the purely freshwater Salmo shasta. 
It would thus appear that the disappearance 
of Rainbow frqm Kulu and some of the 
Kashmir Trout streams may in reality be 
due to the instinctive migratory habits of 
the species, as all the Rainbows introduced 
in India proper are the progeny of the same 
stock. The author suggests that efforts 
shoud be made to produce a strain of Rain- 
bows from which the wandering instinct has 
been eliminated, but before any step is 
taken in this direction it is important to 
determine the nature and extent of the 
wandering of the species. In this connec- 
tion, it is very significant that the U.S. 
Bureau of Fisheries, in co-operation with 
the State of California, is rearing several 
strains of Rainbows in the hope of eliminat- 
ing the wandering instinct. In this connec- 
tion, a question arises as to which factor 
or factors determine the wandering habit 
of this species, since it spawns freely in 
fresh-waters and also finds plenty of suit- 
able food in this milieu. 

The descriptive account is accompanied 
by a number of beautiful illustrations of 
filtering, hatching and distributing troughs; 
pools, lakes, fry and nursery ponds, etc., 
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and a laycut plan of the Nuwara Eliya 
Hatchery. The author is to be congratulated 
on the production of a treatise which should 
not only be of great interest to all those 
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interested in Trout Culture in_ tropical 
waters, but also serve as a work of refer- 
ence in all Trout Hatcheries. 

GULAM MUSTAFA MALIK. 


Larvicidal Fishes and Their Identification 


M ALARIA is one of the major scourges of 
India and its prevention and cure have 
engaged the attention of the Medical and 
Public Health authorities in India for well 
over quarter of a century. The problem of 
the prevention of Malaria is many-sided, 
but from the time of the discovery by 
Sir Ronald Ross that the Anopheline mos- 
quito was the carrier of the malarial para- 
sites, it has been the aim of the authorities 
to control the incidence of Malaria by 
controlling the breeding of the carrier- 
mosquitoes in various ways. It has been 
known for many years now that some spe- 
cies of Indian freshwater fishes have a spe- 
cial preference for mosquito larvze as food, 
and that their introduction into tanks, ponds 
and wells would go a long way to control 
the mosquito population in the neighbour- 
hood of human dwellings. Medical men 
naturally turned their attention to the fishes 
of the aquatic areas in which mosquitoes 
bred, but found themselves-in difficulties in 
the identification of the fishes. The only 
standard works on the Fishes of India were 
none too easy to refer to, burdened as they 
were with a mass of technical details, and 
the result was that fishes were often wrong- 
ly identified, sometimes not at all. The 
medical man, who is a field-worker interest- 
ed in the control of Malaria by the use of 
larvicidal fishes, would appreciate a simple 
guide to the identification of freshwater 
fishes in India. In respect to this, Health 
Bulletin No. 12, Malaria Bureau No. 4 
(Second Edition, Revised and Enlarged), 
pp. 1-47, pls. i-vii (1938), by Dr. S. L. Hora 
and the late Mr. D. D. Mukerji, of the Zoo- 
logical Survey of India, seems amply to 
fulfil the needs of medical men in the field. 
The Bulletin bears the title “Table for the 
Identification of Indian Freshwater Fishes, 
with descriptions of certain families and 
observations on the relative utility of the 
probable Larvivorous Fishes of India’— 
a sufficiently self-explanatory title which 
renders a review somewhat superfluous. 
Nevertheless, the value of a neat and useful 
compendium of information on _ Indian 
Freshwater Fishes, like the present Bulletin, 
will hardly suffer by emphasis on its merits. 


To the medical man in the field with the 
best will in the world, a reference to a well- 
arranged identification table of Indian Fishes 
would be of little help if he has not only to 
face terms like “procumbent predorsal spine” 
or “pro-current caudo-dorsal’’, but also to 
find the structures referred to in the fish 
under examination. The few pages devoted 
to the explanation of the principal terms 
and of the modes of measurements used .in 
the description of a fish are, therefore, a 
very useful prelude to the Table of Identifi- 
cation which, with the eleven clear sketches 
of the external morphology of fishes (text- 
figures 1-11), renders the task of identifi- 
cation easy. The Table deals with 59 fami- 
lies of fishes, of which 11 are known to be 
larvivorous. The generic identification of 
the larvivorous families of fishes is facilitat- 
ed by the inclusion of keys in footnotes, but 
a separate generic key of the Cyprinide 
is given as this family includes several 
genera of potential utility in anti-malarial 
work. The three appendices which follow 
are at least as valuable as the Table of 
Identification. Appendix I contains descrip- 
tions of exotic and Indian families of prob- 
able larvivorous fishes with information of 
value to those interested in mosquito-control 
work, printed in italics or in thick type. 
Appendix II contains notes on the relative 
importance of the various exotic and indi- 
genous species of fish as destroyers of 
mosquito larve, and deplores the fact that 
no serious attempt has been made in this 
country to elucidate the value of exotic and 
Indian species of fish as destroyers of mos- 
quito larve under Indian field conditions. 
A useful list of references on Malaria and 
mosquito control and on larvicidal fish 
follows. In Appendix III it is pointed out 
that the rough identification of the fish in 
the field should, in many cases, be followed 
by expert identification which is possible 
only in institutions with large reference 
collections of fish and literature such as are 
available in the Indian Museum. The collec- 
tion and preservation of fish, simple as they 
appear, need a little expert guidance, and 
the authors give in this appendix a few 
simple directions as to how fish may be 
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observed in their natural haunts, how they 
may be collected and preserved if wanted 
for museums, or how they may be trans- 
ported alive when required for anti-malarial 
work. The seven plates at the end with 
clear dot and line drawings of Indian 
freshwater fishes which enhance the value 
of this little Bulletin, should help not only 
medical men, but also students of fishes, to 
familiarise themselves with the features of 
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some of the principal Indian larvivorous 
fishes. 

The Bulletin, which is priced at 7 annas 
or 8d. a copy, is published in Delhi by the 
Manager of Publications, and may be ob- 
tained from the Agents to the Government 
of India Publications in India and from 
private book-sellers, a list of which is given 
on the page opposite to the Prefatory Note. 

H. S. R. 


OBITUARY 
Dayaram Sahni, M.A., C.I1.E. 


AI BAHADUR DAYARAM SAHNI, M.A., 
C.I.E., late Director-General of Archzo- 
logy, died suddenly on the 7th March 1939 
of heart failure at Jaipur, where he was 
employed as Director of Archzological 
Researches since 1935. Rai Bahadur was 
the first Indian to be trained in the modern 
methods of archeological excavations, and 
by his death India loses a most experienced 
archeologist. 

Rai Bahadur belonged to a respectable 
family of Khatris from Bhera in Shahpur 
District, Punjab. He was born on 16th 
December 1879. After passing his M.A. 
from the Oriental College at Lahore, with 
Sanskrit as his main language, he was 
selected for the archzological scholarship 
instituted by the late Lord Curzon’s Gov- 
ernment, with a view to preparing suitable 
Indian scholars for archzological work. 
Sir John Marshall, who was then organising 
the first systematic campaign of excavations 
in India, found in Rai Bahadur a willing 
and capable assistant. He worked at the 
excavations conducted by the Department 
at Sarnath near Benares, Kasia, the scene 
of the Great Buddha’s decease. Sahet Meheth, 
the ancient Sravasti, Rajgir in Bihar, 
Mandar near Jodhpur, and Rampurva in 
Champaran. At Sarnath, Mr. Sahni studied 
the finds and prepared a comprehensive 
catalogue and a guide to the ruins. After 
a year, at the Lucknow Museum, where he 
worked as Curator, Mr. Sahni’s services were 
lent to the Kashmir State, in December 1912. 
During the next four years, Mr. Sahni 
studied the architectural remains in Kash- 
mir, and excavated at several places, among 
which may be mentioned Avantipur, the 
city of Avantivarman, Parihaspur, Hushkur, 
and Martand, the well-known site of a temple 
in classical style. In 1917, Mr. Sahni returned 
for work, to Lahore, where he took over 
the Hindu and Buddhist monuments in the 


United Provinces and Punjab to his charge. 
After carrying out important archzological 
work at Deogarh, Sarnath and other places 
in the United Provinces, Rai Bahadur Sahni 
then commenced a series of excavations at 
Harappa, which was shortly afterwards 
recognised as the foundation of our know- 
ledge of one of the earliest cities of the 
Indus Valley culture. Since 1925, Rai Baha- 
dur Dayaram Sahni was engaged at the 
Headquarters of the Government of India, 
first as a Deputy Director-General, and 
finally in July 1931, when he became Direc- 
tor-General. Unfortunately, his advent 
coincided with an era of unprecedented 
curtailment of activities owing to the need 
of retrenchment and his three years’ tenure 
as Director-General was consequently very 
much handicapped and the lowest water- 
mark of funds allotted to this cultural acti- 
vity was reached. However, he carried the 
Department through this period and on 
retirement found fresh scope for his capa- 
cities in the almost untapped and rich 
archeological field in the State of Jaipur. 
His excavations at Birat, where he unearthed 
one of the earliest Buddhist stupas in Raj- 
putana, were highly successful. He carried 
out one or two seasons’ work at the ancient 
city site of Naliasar-Sambhar near the well- 
known salt lake and at the time of his death 
was engaged in another important excavation 
at Rairh where he had hit upon another rich 
site of the early period. 


Rai Bahadur Sahni was awarded the title 
of C.I.E. after his retirement in 1935. 


Besides the two publications on Sarnath, 
Rai Bahadur contributed numerous other 
articles to scientific journals, particularly 


on Epigraphical subjects, bringing to light 
and interpreting many records of the past, 
particularly from the United Provinces and 
Northern India. 


J 

is 

: 

| 


No. 6 | 
June 1939 


The Chemistry of Detergents 281 


INDUSTRIAL SECTION 


The Chemistry of Detergents 
By K. Venkataraman, pD.sc. (Manch.), F.I.c., A.M.I.chem.E. 
(Department of Chemical Technology, University of Bombay) 


DETERGENT is broadly defined as “a 

washing or cleansing agent such as 
soap, scouring compositions, etc.’’ and deter- 
gency as washing or cleansing. The 
detergent action of the alkalis and of certain 
of their salts such as the silicates and phos- 
phates is well known and, more recently, 
the detergent action of colloidal clays has 
been recognized. Soaps were the earliest 
organic detergents and, although numerous 
synthetic organic detergents with certain 
advantages have been evolved, the soaps 
have by no means been abandoned in deter- 
gent practice on account of their fundamen- 
tally valuable properties and their cheapness. 
In fact the synthetic detergents are in gene- 
ral not as satisfactory as soap for the usual 
fabrics, so long as the water is soft. The 
detergent action of alkalis may be partly 
attributed to the soaps formed from the 
saponifiable matter present in the material 
being deterged, and the action of colloidal 
clays to their adsorptive capacity. Used in 
conjunction with soap, the addition of col- 
loidal clay increases lathering power, makes 
a firmer and more powerful lather, and ab- 
sorbs and neutralizes free alkali. The 
washing of textiles, hair or skin with a 
detergent composition containing a sulpho- 
nated product of the Igepon type and a col- 
loidal clay like Bentonite has been claimed 
(Fr. Pat. 820,661). 

Much attention has been directed in recent 
years to the mechanism of detergent action. 
Partly as a result of the truer insight now 
available into the many factors governing 
detergent action and of the more stringent 
necessities of modern textile processing with 
regard to the delicate nature and variety of 
the fabrics and to the importance of the time 
factor in production, it has been possible for 
the synthetic organic chemist to arrive at 
substances which are efficient detergents 
and which have in addition to their deter- 
gent action a number of desirable properties 
which enable them to be used under widely 
varying conditions. 

In a recent symposium? organised by the 
International Society of Leather Trades 


Chemists a very comprehensive and illumi- 
nating survey has been made of the theore- 
tical aspects of wetting and detergency. 
While the newer concepts of the physics and 
chemistry of surfaces, due to Freundlich, 
Hardy, Langmuir, Adam and Rideal, have 
led to better understanding of the arrange- 
ment of detergents and emulsifying agents 
at interfaces and of the molecular forces 
which play a part in the gradual accom- 
plishment of the ultimate result of deter- 
gency, this has simultaneously complicated 
the work of the manufacturer of textile 
auxiliary agents, since the processer has 
begun to realise that the detergent for 
a given purpose and set of conditions may 
be entirely unsuitable under other circum- 
stances. To the synthetic organic chemist, 
however, the broadening of the theoretical 
bases of detergent action and the quantita- 
tive considerations and methods that have 
emerged in consequence have meant the 
opening up of a new and extensive field of 
research. 

A wetting agent need not per se be a 
detergent, but in general wetting or pene- 
trating power towards textile fibres is a 
desideratum in a detergent. Whatever may 
be the theory finally adopted regarding the 
mechanism of detergent action, it is as neces- 
sary for a detergent as for a dyeing process 
that the reagent must initially come into 
intimate contact with the surface of the 
textile material. Adsorption should then 
take place, the detergent having a greater 
attraction for the surface to be deterged than 
the grease, oil or “dirt” which is to be re- 
moved. Rideal* has suggested that deter- 
gents, like dyes, are first adsorbed on the 
outer surface of the fabric and then migrate 
into the interior accessible surface. The oily 
or greasy film is then loosened on account 
of its displacement by the detergent, the oil 
collecting into comparatively large globules.* 
Dependent on the agitation to which the 
scouring liquor and the deterged surface are 
submitted and the emulsifying power of the 
detergent or of a second added substance, 
an emulsion of the oil may be formed or the 
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oil may be removed by a process of flotation. 
The last factor which determines the deter- 
gent efficiency as measured by any practi- 
cal test, such as whiteness or wax content, 
would be the prevention of redeposition of 
the oil or dirt on the surface of the fabric; 
here presumably the protective colloidal 
power of the detergent is concerned. Rideal? 
considers that the polar head of a detergent 
may also fulfil a definite chemical function 
in addition to the more usually recognized 
physical function of rendering a hydropho- 
bic surface hydrophilic in character; loose 
molecular complexes may be formed between 
the polar heads of the detergents and the 
alcoholic groups in the oil or grease or the 
keto-imide groups in protein “dirt”. The 
hypothesis would be limited by the nature 
of the dirt and by the availability of deter- 
gents which do not possess a polar head or 
ionising group. 

The two stages of adsorption at the inter- 
face and migration into the intermicellar 
spaces of a fibre may be difficult to demon- 
strate experimentally in the case of the 
common reagents not susceptible to identi- 
fication by colour reactions. Anacardic acid, 
which is a constituent of cashew nut shell 
oil and, being a derivative of salicylic acid, 
gives an intense coloration with ferric chlo- 
ride, should prove useful for studies in the 
mechanism of detergent action. Carrying 
a pentadecadienyl residue ortho to the 
phenolic hydroxy], the sodium salt of the 
acid has marked wetting power and its 
detergent properties are under examination. 

The factors involved in detergent action 
are so complicated that the problem of 
measuring the detergent efficiency of a given 
substance is beset with even more difficul- 
ties than the measurement of wetting power;? 
on the other hand a quantitative assay 
of detergency is fundamental to a study of 
its relation to chemical constitution. The 
physical properties usually determined, such 
as surface tension or interfacial tension in 
terms of the drop number, wetting intensi- 
ties, contact angles, etc., are not related in 
any known manner to actual detergent 
power.’ Zakarias® regards protective col- 
loidal action as the essential criterion of 
detergent efficiency, but it is common know- 
ledge that the two do not necessarily go 
hand in hand, judging detergent power by 
any practical test. In a discussion of soluble 
soap, insoluble soaps and synthetic deter- 
gents, Crowe’ has briefly outlined theories 
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of detergency and has referred to the de- 
pendence of the choice of a detergent for 
a given process on the process itself and on 
the composite quality of the detergent, rather 
than on the consideration of individual 
factors. The sulphonated oils (Turkey Red 
oil, Prestabit oil, etc.), whatever the degree 
of sulphonation may be, are devoid of deter- 
gent power in spite of possessing other 
valuable properties such as wetting, dispers- 
ing and emulsifying power. This contrast 
in properties, pointing to the more specific 
requirements in an organic compound to 
develop detergency, is further exemplified 
by the alkylnaphthalene sulphonic acids 
(Nekal BX, Perminal W, Oranit), which are 
powerful wetting agents, but not detergents. 
The distinct aspects of wetting and solvent 
action involved in detergency are recognized 
by the use of non-detergent wetting agents 
like the Nekals in conjunction with chlori- 
nated and other solvents. Likewise it has 
been suggested that the detergent properties 
of the sulphated alcohols are improved by 
admixture with unsulphated alcohols; the 
contrary suggestion that the presence of un- 
changed fatty alcohol acts detrimentally on 
the detergent power of the sulphate has also 
been made.* The explanation probably lies 
in the relative amounts of the unsulphated 
alcohol present. A direct measurement? 
employing washing or kier boiling tests is 
essential. From the practical point of view 
the analysis of the factors underlying deter- 
gent action would indicate that the nature 
of the material to be deterged and the nature 
of the “dirt” to be removed are both to be 
taken into account in assessing the efficiency 
of a detergent; the conditions with regard to 
temperature, pH, etc., must also be closely 
defined. Confining oneself to a comparative 
study of the detergent efficiency of members 
of a homologous series, the determination of 
an individual property, such as _ interfacial 
tension or foam number, may give useful 
indications. Thus G6tte!® found that in the © 
series C,H,,,,—O—SO,Na the maximum 
“washing effectiveness” at 60° corresponded 
to the maximum Steipel foam number. The 
alkaline washing effectiveness in soft water 
was a maximum at C,,, but it was observed 
that for every temperature and degree of 
water hardness there was an optimum alkyl 
sulphate. The maximum washing efficiency 


was displaced in the direction of increasing 
chain length with increase in temperature 
and in the hardness of the water, 
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In assessing the value of a detergent to 
be employed in textile processing, a factor of 
great importance is its stability to the re- 
agents involved, particularly acids and 
alkalis. Resistance to hard water or ability 
to disperse calcium soaps!! is another de- 
sirable characteristic. Used in soft water, 
soap is an excellent detergent and its sur- 
vival, in the face of strenuous competition 
from a host of synthetic auxiliary agents. 
as still the most widely employed detergent 
is ample evidence of its value in this regard. 
Its. chief drawback is its instability to acid 
and to metallic ions, such as magnesium and 
calcium. For the scouring of cotton mate- 
rials, the reagent needs to be stable to 
alkali; substances such as Igepon A, Avirol 
and Aerosol OT, which are esters hydroly- 
sable by boiling alkali, but have otherwise 
useful properties as wetting and emulsify- 
ing agents, would fail to function in a kier 
boiling operation. 

While synthetic detergents are usually 
built on a soap model consisting of a hydro- 
phobic and a hydrophilic half, quantitative 
examination of a series of detergents would 
readily show that the structural features that 
are favourable to the conferment of deter- 
gent power may to some extent be defined, 
but it is no more possible than in the case 
of the relation between chemical constitution 
and physiological action to arrive at fore- 
casts of the constitution of substances with 
maximum detergent power. The precise 
degree of the detergent power is a specific 
property of a particular compound, depend- 
ing on the interplay of forces between the 
various groups or atoms in the molecule. 

On the basis of our present knowledge of 
the probable stages involved in detergency, 
and as a guide to synthetic effort, an ideal 
detergent may be postulated to have the fol- 
lowing properties in the optimum degree: 
(1) affinity for the surface to be deterged; 
(2) solubilising or peptising power towards 
oil or grease; and (3) protective colloidal 
action. Other favourable factors are solu- 
bility in water and ability to function under 
adverse conditions, e.g., in hard water and 
at wide variations of temperature, pressure, 
acidity and alkalinity. Solubility in water 
is not intrinsically necessary in a detergert, 
since the example of adsorbent clays as de- 
tergents has been quoted; but water-insolu- 
ble detergents can only function where the 
agitation employed is such that access of 
the detergent to every part of the deterged 
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surface is ensured throughout the process; in 
any textile operation involving detergents, 
as in kier boiling, the fibrous material would 
act as a filtering medium and the detergent 
would be rapidly put out of action. A cer- 
tain minimum solubility in water is, there- 
fore, essential in a detergent for textile pur- 
poses. 

Considering the three requisites in a 
detergent outlined above, fulfilment of the 
first would be dependent on the nature of the 
fibre, and the constitutional characteristics 
of a detergent for cotton and the cellulosic 
fibres would differ from those of a detergent 
for wool and the protein fibres. Experi- 
ments in this laboratory have naturally been 
concerned almost exclusively with cotton 
and, although they are still in the early 
exploratory stages, it has been possible to 
obtain some indication of the dependence of 
detergent power on the affinity of the re- 
agent for the fibre or; as it may be termed 
by analogy with dyestuffs, on its substan- 
tivity. The nature of substantivity, which 
will be discussed elsewhere in more detail 
with reference to synthetical experiments in 
the Naphtol AS group, is still obscure. In 
the case of the polypeptide fibres contain- 
ing free and potential amino and carboxyl 
groups, the explanation of their behaviour 
towards dyes and other electrolytes on 
organic, colloidal or electrochemical grounds 
can all be correlated. The nature of cellu- 
lose largely rules out the possibility of 
chemical combination; we are, however, 
now aware that the cellulose molecule is not 
as completely inert as usually conceived and 
the hypotheses, confirmed by X-ray evidence, 
of the constitution of cellulose as long chains 
of anhydroglucose units held together later- 
ally by residual forces and of the micellar 
structure of the cotton fibre, are adequate to 
account for the behaviour of cellulose in 
processes such as mercerisation and towards 
dyes and other reagents for which it ex- 
hibits affinity. The dyestuff chemist has 
accumulated data regarding the structural 
features of an organic compound which are 
favourable to substantivity to the cotton fibre. 
Our knowledge of the subject, due mainly 
to Ruggli,'* may be briefly set down as fol- 
lows, in so far as it is relevant to the present 
purpose. (1) The substantivity of symmetri- 
cally constituted azo dyes has been explained 
by Meyer as due to the straight chains of 
the cellulose molecules attaching them- 
selves, probably by means of covalencies, 
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to the straight chains of the dye mole- 
cules. The non-substantivity of disazo dyes 
from benzidine substituted in the o-position 
to the diphenyl linkage has been ascribed 
to alteration in the co-planar arrangement 
of the diphenyl rings, any deviation from a 
straight linear structure leading to diminish- 
ed substantivity. The hypothesis has its 
limitations and exceptions, but it might 
offer useful clues to the relation between the 
substantivity of a detergent and the presence 
in the molecule of straight chains of carbon 
atoms which may lie adsorbed on the glu- 
cosidic chains of cellulose. (2) The effect 
of the acid amide group (-CO-NH-), as 
evidenced for instance by the much greater 
substantivity of Naphtol AS in comparison 
with f#-naphthol, is well recognised. The 
admitted efficiency of a condensation pro- 
duct of oleic acid and taurine as an auxiliary 
in the scouring of cotton may be cited in 
this connection; the wetting and detergent 
properties of a series of compounds derived 
from fatty acids and aromatic amines, and 
possessing, therefore, the common feature of 
an acid amide group, have proved to be of 
practical interest.*:!*!4 Textile assistants are 
produced by condensing a sulphonic acid of 
phthalic anhydride with an amine containing 
a higher alkyl group, e.g., methylhexade- 
cylamine or p-aminostearanilide, the latter 
compound carrying two acid amide groups 
(Brit. Pat. 461,054). Perhaps the common- 
est method in the patent literature of bridg- 
ing a long and a short aliphatic chain is by 
means of an acid amide group; e.g., amino- 
acids (glycine, alanine, etc.) are acylated 
with high molecular fatty acids (U.S. Pat. 
2,063,987; D.R. Pat. 635,522). Schirm’s sug- 
gestion that enolisation of the acid amide 
group to -C(OH)-N- is responsible for the 
substantivity of Naphtol AS and his deduc- 
tion therefrom that substantivity is due to 
the existence in a dyestuff molecule of a 
chain of conjugated double bonds must be 
subjected to more careful scrutiny. As- 
suming for the moment that substantivity 
plays a part in detergency, it should be noted 
that acyl derivatives of secondary amines 
appear in general to be more efficient than 
the corresponding condensation products of 
primary amines. On the other hand, a 
double bond conjugated with the carbonyl 
is favourable to substantivity, a cinnamoyl- 
amido group in a Naphtol being more effec- 
tive in this respect than a benzamido group. 
(3) Conflicting results have, however, been 
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obtained with regard to the general influ- 
ence of unsaturation, as represented by 
a carbon-carbon double bond, on wetting and 
detergency. Thus the relative values of 
sodium laurate and oleate were frequently 
reversed when lauric and oleic acids were 
combined with various arylamine sulphonic 
acids. (4) Ruggli regards the sulphur atom 
as being favourable to substantivity; res- 
tricted to definite groupings containing sul- 
phur, evidence may be advanced in favour 
of the suggestion. Primuline containing 
a thiazole ring is a well-known example of 
a substantive dye. The high affinity of 
sulphur dyes in sodium sulphide solution is 
probably associated with the formation of 
-SNa groups. So far as detergents are con- 
cerned, sulphonic, sulphuric and thiosulphu- 
ric groups are common features, though the 
evidence of their effect on wetting and deter- 
gency is not conclusive. Their influence 
in increasing solubility in water is obvious, 
but the introduction of acid sulphate and 
sulphonic groups does not necessarily im- 
prove wetting or detergent power; the op- 
posite effect may frequently be encountered 
on account of the balance of the detergent 
being upset by the disproportionate influence 
of the ionising, hydrophilic part of the 
molecule. Wetting and emulsifying agents 
containing a sulphide linkage have been the 
subject of patents. One example is the sul- 
phate of 2-hydroxyethyl cetyl sulphide 
(U.S. Pat. 2,100,297). Saponaceous organic 
sulphides have been described by Henkel 
and Co. (Brit. Pat. 470,717). Compounds 
having the formula R-SO.-R’Y or R-SO-R’Y, 
where R is an aliphatic radical of high 
molecular weight or an iso- or heterocyclic 
radical, R’ an aliphatic radical containing 
fewer than 8 carbon atoms and Y a water- 
solubilising group, are wetting, cleansing and 
dispersing agents (Fr. Pat. 809,373; Brit. 
Pat. 461,614). (5) The influence of hetero- 
cyclic rings in increasing substantivity can 
be illustrated by dyes containing thiazole, 
pyrazolone, iminazole, pyrimidone and other 
ring systems. Wetting, emulsifying and 
detergent products prepared from hetero- 
cyclic compounds have been claimed in recent 
patents. The sulphonation products of 
higher alkyl substituted indoles (Swiss Pat. 
191,011) and imidazole derivatives (U.S. 
Pat. 2,053,822) are two examples. (6) The 
fact that synthetic wetting agents and deter- 
gents are in general polar compounds 
assumes a special significance in its relation 
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to the problems of adsorption and substan- 
tivity. As pointed out by Ruggli, non-polar 
molecules are apparently not adsorbed. 
With the necessary variations for colour on 
the one hand and the properties of deter- 
gency, etc., on the other, a certain analogy 
may be drawn between substantive dyes and 
anion-active textile assistants. The influ- 
ence of the dipole moment on adsorption and 
substantivity should be of as much interest 
in the case of wetting agents and detergents 
as of dyes. (7) While the multiplication of 
sulphonic groups increases solubility and 
tends to reduce wetting and detergent power, 
Ruggli and Braun" noticed among a series 
of azo dyes that there is no relation between 
substantivity and water solubility. Mea- 
surements of the rate of diffusion indi- 
cated that all substantive dyes were colloidal 
and exhibited slow rates of diffusion, but all 
colloidal substances did not have an affinity 
for cotton. Substantivity was dependent on 
chemical constitution, rather than on physi- 
cal factors, although the dependence of one 
on the other should be taken into account. 
The colloidal nature of the solution might 
in some cases lead to an apparent affinity 
for cotton, but absorption in such cases was 
reversible and of a temporary character, 
rinsing with cold water being sufficient to 
strip the fibre completely; true affinity 
should presuppose a definite degree of ir- 
reversibility or permanence in the attach- 
ment of the adsorbed material to the fibre. 
The studies of Conmar Robinson, Neale and 
others on the physical properties of aqueous 
solutions of substantive dyes have shown 
that substantivity is directly related to the 
ability of the dye molecules to form aggre- 
gates or micelles. McBain'® regarded scaps 
as colloidal electrolytes, i.e., as salts in 
which one of the ions was replaced by a 
heavily charged, heavily hydrated ionic 
micelle exhibiting a high conductivity. 
Chwala!? defined most textile assistants as 
colloidal electrolytes, the properties of which 
depend on the balance of their colloidal and 
ionic components. This factor, to the 
importance of which in a wetting agent 
reference has been made by Dean,? is a vital 
consideration in the synthesis of detergents. 
While the tilting of the scale on the fatty 
hydrophobic part would diminish the solu- 
bility in water, and increase the solubility in 
organic solvents, and vice versa, the special 
properties of the substance as a wetting 
agent, detergent, etc., would depend on the 
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nature of the two halves and on their balance. 
Colloidal character would appear to be 
much more necessary in a detergent than in 
a wetting agent. Hartley'® has character- 
ised detergents as “amphipathic’’, indicating 
their unsymmetrical duality of affinity, and 
has demonstrated that they form micelles in 
solution. Micelle formation was found in 
some cases to run parallel to detergent 
action. 

Classifying surface-active substances as 
anion-active and cation-active,’® the latter 
have normally no practical interest as deter- 
gents, but they have other extremely valua- 
ble properties, which have led to their 
increasing use as stripping agents, finishing 
agents for the production of permanent 
finishes and auxiliaries for the after-treat- 
ment of dyeings with substantive dyes. 
Products have been described in which both 
the anion and cation have active fatty com- 
ponents, an example being dodecylpyridi- 
nium laurate; these are devoid of detergent 
power. 

The substantivity of textile assistants has 
been measured by Mecheels?® at various 
temperatures up to 100°. The influence of 
pH and other factors was studied, but no 
attempt was made to approach the problem 
from the point of view of the constitution of 
the reagents or of wetting and detergent 
properties. Blow?! has examined the sub- 
stantivity of cationic soaps (e.g., cetyl pyri- 
dinium bromide) towards wool. The ad- 
sorption rose with the pH and temperature; 
chlorination, followed by mild oxidation with 
hydrogen peroxide, accelerated adsorption 
and apparently modified the orientation of 
the cation, which was possibly attached to 
the wool surface by its hydrophilic head. 
Friedrich?? has shown that highly sulphonat- 
ed oils exhibit substantivity to wool due to 
affinity for the basic radicals of the latter; 
the property was of practical importance 
since the more or less permanent incorpo- 
ration of the fat improved the feel, softness, 
fullness and mechanical properties of the 
fibre. It should be assumed that only com- 
paratively loose adsorption compounds are 
formed, as the adsorption varied with tem- 
perature, pH, etc. Chemical combination of 
the fibre, such as the combination of cellu- 
lose with organic ammonium halides to pro- 
duce permanent finishes, cannot be included 
in a consideration of the substantivity of 
textile assistants towards fibres. 

Apart from the fact that detergents are 
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usually emulsifying agents, Hartley?* has 
demonstrated the solvent action of soaps and 
synthetic detergents on organic substances 
sparingly soluble in water. Hartley pic- 
tures such solubility as being due to the 
paraffin-chain ions collecting together in 
fairly large aggregates or micelles (of the 
order of 50 ions in each); when the paraffin- 
chain contains 16 carbon atoms (the com- 
monest number in detergents) most of the 
paraffin-chain ions are contained in these 
micelles except at great dilutions in which 
the micelles break down. The grease, oil 
or other organic substance forms a liquid 
solution in the micelles. Although it may 
have no obvious bearing on detergency, 
Hartley’s work on the solvent action of soap 
and detergents has great significance with 
regard to the after-treatment of azoic dye- 
ings with soap or synthetic detergent solu- 
tions.24 Experiments have been in progress 
in this laboratory on the type of auxiliary 
agent with reference to chemical constitu- 
tion and properties, such as wetting, emulsi- 
fication and protective colloidal action, 
suitable for a given azoic combination to 
produce the maximum fastness to rubbing. 
The after-treatment is usually regarded as 
a process of removal by emulsification of the 
superficially precipitated azoic pigment form- 
ed from that part of the Naphtol not sub- 
stantively adsorbed and not removed by 
hydroextraction; a process of solubilisation 
must now be assumed to be at least partially 
responsible for the action. So far as the 
solubility factor in. detergency is concerned, 
the main constitutional characteristic of 
a detergent is a hydrocarbon chain of 
a minimum length. The presence of long 
chain fatty residues would appear to be 
essential in an organic detergent, as distinct 
from a wetting agent; where aromatic ring 
systems are introduced into the molecule, 
this is more or less incidental and is based 
on the availability and cheapness of a raw 
material, such as a dyestuff intermediate, 
rather than any vital influence of the aro- 
matic ring on the efficiency of the product 
as a detergent. It would be noticed in 
numerous patents taken out in recent years 
for the preparation of detergents from aro- 
matic amines, phenols, etc., that the intro- 
duction of an alkyl group of 6 or more 
carbon atoms is a necessary part of the 
synthetic scheme; higher alkylated anilines 
may be rendered water soluble by the usual 
methods (sulphonation, condensation with 
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ethylene oxide and then with chloracetic 
acid; etc.) (cf. Brit. Pat. 475,867), leading to 
products with detergent properties. Even in 
the case of derivatives of the cycloparaffins, 
attachment of an alkyl chain is usual. m- 
Laurylamidocyclohexanyl sulphate and other 
derivatives of cyclohexanol containing an 
NH., SH or a second OH group have been 
suggested (Fr. Pat. 811,478). Hydroaro- 
matic alcohols are condensed with olefines, 
or alternatively alkylphenols are hydrogenat- 
ed, and then sulphonated (Brit. Pat. 464,491). 

One view regarding the importance of 
protective colloidal power, the third of the 
postulated requisites for detergent action, 
has been quoted.* The disparity of outlook 
that is possible in this matter is indicated 
by the absence of any reference to it in 
a series of papers on “Wetting and Deter- 
gency”.? In the practical aspects of deter- 
gency it may be taken to be an effective 
factor. The “Congo Rubine Numbers” of 
chemically pure samples of five commercial 
products, B (a recently introduced auxiliary 
agent free from natural fatty residues and 
from carboxyl and sulphonic groups), Y 
(sodium salt of oleyl N-methyltaurine), V 
(sodium lauryl sulphate), G (sodium /- 
oleyloxyethylsulphonate) and X (sodium 
diisopropylnaphthalene sulphonate), were 
0-3, 0-7, 3-2, 4:0 and 4°5 (in cc. of 0°5% 
solution); the relative efficiency, decreasing 
in the order named, was at least in qualita- 
tive agreement with their detergent efficiency 
in the kier boiling of cotton and, incidentally, 
their utility in the after-treatment of azoic 
dyeings. Two of the structural features of 
organic compounds exhibiting this property 
were high molecular weight and a balance 
of hydrophobic and hydrophilic components. 
Synthetical experiments! on fatty acid con- 
densation products of arylamine sulphonic 
acids pointed to certain broad considera- 
tions in the chemical constitution of a good 
protective agent. Increasing molecular 
weight generally led to increasing protective 
action. Unsaturation in the fatty acid chain 
was a favourable factor, the oleyl deriva- 
tives being better than the saturated ana- 
logues, and the linoleyl derivatives better 
than the former; the apparently contrary 
effect of further increase in unsaturation 
needs to be confirmed by replacing the mixed 
fatty acids of linseed oil with pure linolenic 
acid. The free hydroxyl in ricinoleic acid 
exerted a favourable influence, the conden- 
sation products of ricinoleic acid with 
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sulphanilic, N-methylsulphanilic and naphth- 
ionic acids being the best protective agents 
in the series examined. 

The chemical constitution of detergents 
may now be reduced to its essentials; 
a chemical classification of the closely related 
group of wetting agents has been attempted 
elsewhere.*:*.!4 As polar compounds of more 
or less complex character they have a hydro- 
phobic and a hydrophilic half. The hydro- 
philic or water-solubilising group or groups 
may be carried at convenient points in the 
hydrocarbon residue. The hydrophobic half 
is usually an aliphatic chain, but it may be 
aromatic, hydroarornatic or alicyclic. The 
aliphatic chain may be saturated or unsatu- 
rated, straight or branched. The effect of 
the double bond would be to reduce the 
hydrophobic character of the molecule and 
increase solubility in water. The effect of 
unsaturation on detergency is shown by the 
superiority of sodium oleyl sulphate to 
sodium lauryl sulphate, although the latter 
is the better wetting agent. It has been 
stated, however, that at moderate tempera- 
tures sodium lauryl, oleyl and cetyl sul- 
phates all show about the same detergent 
power.2> Sodium ricinoleate is a_ better 
detergent than the oleate, but if a second 
hydroxyl is introduced as in dihydroxy- 
stearic acid, the detergency is decreased. 
The orientation of the molecule at the inter- 
face would be affected by the additional 
hydroxyl, tending to bend the chain towards 
the aqueous layer and having an unfavoura- 
ble influence on the ability of the hydro- 
phobic half to penetrate into the oily film.*® 

In the original detergents, the soaps, the 
hydrophilic carboxyl group was at the end 
of a straight chain of carbon atoms; in the 
simplest modification of the carboxyl, in 
order to obviate the sensitiveness to acids, 
alkaline earth salts, etc., the carboxyl was 
replaced by a primary alcoholic group, which 
was sulphonated or sulphated, the water- 
solubilising polar group being still at the end 
of the hydrocarbon chain. 

Wilkes and Wickert?" have divided surface- 
active compounds into 2 groups: in (1), of 
which the soaps, the fatty alcohol sulphates 
and the Igepons are examples, the polar 
group is a primary one, located at the end 
of the non-polar portion of the molecule; 
in (2), of which the Tergitols?’ (secondary 
alkyl sulphates), the Aerosols (esters of sul- 
phosuccinic acid) and the Nekals are 
examples, the polar group is in a secondary 
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position, the hydrophobic chain extending 
from it in two directions. The inclusion of 
the Igepons in (1) is of doubtful advantage, 
since the water-solubilising group is not 
present at the end of an unbroken chain of 
carbon atoms, but of one interrupted by a 
hydrophilic group. Wilkes and Wickert 
found that products of the first group were 
better detergents, but were inferior to the 
second group with regard to wetting power. 
While the first part of the conclusion is 
justified, it has not been possible to confirm 
the latter in its entirety. Examined by the 
interfacial tension or Herbig number methods, 
the secondary alkyl sulphates were not 
better wetting agents than the primary alkyl 
sulphates and Igepon T; but under pre- 
scribed conditions a recently marketed 
substance, having the structure .of a dioctyl 
ester of sulphosuccinic acid, was found to 
give the highest Herbig number among the 
available wetting agents. The superior 
detergent power of compounds carrying the 
polar group at the end of the straight non- 
polar chain might be related to the facile 
adsorption of the linear chains on the cellu- 
lose macro-molecule, i.e., to some factor of 
substantivity. At the same time, as a result 
of the varied and sometimes mutually op- 
posed considerations involved in wetting and 
detergency, lengthening of the linear chain 
in order to obtain a certain favourable 
physical character of the aqueous solution 
might lead to lowering of the surface activity 
of the reagent on account of the tendency 
of the hydrocarbon residues to associate.?* 
Branched chain derivatives might, therefore, 
have their points, as witnessed by the many 
patents covering possibilities in this direc- 
tion. The secondary alkyl sulphates have 
been mentioned. 

The acid sulphate ester obtained by the 
low temperature sulphation of 2-butyl-1- 
octanol has been claimed to be a good deter- 
gent (U.S. Pat. 2,077,005). Branched chain 
olefines containing at least 8 carbon atoms 
and one double linkage at the end of the 
chain are sulphonated (U.S. Pat. 2,061,617). 
Sulphation of tertiary alcohols, prepared by 
the interaction of vegetable oils with Grig- 
nard compounds, has been covered (U.S. 
Pat. 2,084,253). Triphenylmethane deriva- 
tives (e.g., the condensation product of 2 
mols. of 2-chloro-4-amylphenol with 1 mol. 
of benzaldehyde-2-sulphonic acid) have high 
capillary activity in acid, neutral and alka- 
line solutions (Fr. Pat. 816,959). 


The hydrocarbon chain may be interrupt- 
ed or bridged by hydrophilic groups, leading 
to a better balanced detergent molecule. 
Unsaturation, signifying unshared electrons, 
is hydrophilic in character. The usual 
hydrophilic centres in a wetting agent or 
detergent are derived from atoms and groups 
exhibiting co-ordinate covalency—nitrogen, 
phosphorus, sulphur, oxygen, and their com- 
binations. Examples of subsidiary hydro- 
philic elements and groups utilised for 
bridging two hydrocarbon residues (one of 
which may be aromatic or alicyclic) are 
-O-, -S-, -SO-, -SO.-, -CO-, -CO-O, -NH-, 
and -CO-NH-, the last, for reasons of its 
influence in favouring adsorption of the 
molecule by cellulose, being the commonest. 
Thus, sulphonated mixed ketones, R-CO-R’, 
in which R is an aryl or heterocyclic radical 
and R’ is an alkyl radical containing at least 
6 carbon atoms, are detergents resistant to 
hard water (U.S. Pat. 2,089,154). Mixtures 
of aliphatic ketones and aromatic hydro- 
carbons are sulphonated to yield detergents 
(U.S. Pat. 2,081,795). Many of the synthe- 
tic possibilities in this regard have been 
covered by a wide patent of the I. G. (Brit. 
Pat. 479,835; 479,897) in which the products 
have the general formula (A), X.B.C-, 
where (A),, stands for alkyl groups substi- 
tuting X, an aromatic or cycloaliphatic group, 
B is an interrupting group (O, NH, §, etc.), 
and C a short alkyl chain.** 

The most frequently employed ionogenic 
hydrophilic part of detergents is the sulpho- 
nic or sulphuric group. The earlier view of 
the undesirable nature of the carboxyl group 
has undergone a change*® and among the 
commercial wetting agents and detergents 
are several containing both carboxyl and 
sulphonic or sulphato groups. Modification 
of the carboxyl by esterification or amidation 
using alkyl or arylamines results in a length- 
ening of the chain, which may be one reason 
for the improved wetting and detergent pro- 
perties. Next in importance te sulphonate 
and sulphate groups as water-solubilising 
groups are thiosulphate, phosphate, pyro- 
phosphate and borate groups, which are still 
more or less restricted to the patent litera- 
ture. 

Modification of the carboxyl and solubil- 


isation of the fatty acid derivative without 


the introduction of strongly ionising groups, 
such as sulphonic and sulphuric, may be 
effected by the multiplication of hydroxyls; 
thus the partial esterification of pentaglyce- 
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rol with coconut oil fatty acids yields a good 
detergent resistant to hard water (Brit. Pat. 
439,435; 442,950). 

Reference has been made to the recently 
marketed Igepals, which have excellent sta- 
bility and detergent properties, and which 
contain no carboxyl, sulphonic or other iono- 
genic groups. They are soluble in water by 
virtue of other modifications in the aliphatic 
residues, and are highly polymerised com- 
pounds synthesised by systematic building up 
from low molecular units. 
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VOLUME XXXV, Part I (January 1939) of 

the Transactions of the Faraday Society 
contains, for the most part, the proceedings of 
a general discussion on Luminescence, held 
under the auspices of the Society in September 
1938. The subject includes all forms of emis- 
sion of light by matter either on irradiation 
with ultra-violet or visible light, or on bom- 
bardment with X-rays or cathode rays or 
accompanying chemical or biochemical reactions. 
Altogether 28 papers bearing on different as- 
pects of the problem and running over 238 
pages are presented and discussed. The sym- 
posium has provided a forum for review and 
discussion of the theoretical and experimental 
advances made so far in this important branch 
of spectroscopy and the published proceedings 
furnish an authoritative and comprehensive 
reference number, especially as the list of con- 
tributors contains names of scientists who have 
made the subject what it is to-day. The dis- 
cussion has been divided into three groups, 
namely, (1) luminescence of liquids and 
vapours; (2) luminescence of solids; and (3) 
chemiluminescence. 

LUMINESCENCE OF LIQUIDS AND VAPOURS 


Absorption of light by matter leads, in general, 
to excitation of electrons associated with indi- 
vidual atoms or groups of atoms or radicals, 
to higher states of energy. This excess electro- 
nic energy may be converted to thermal or 
other forms of energy due to collisions of 
second kind, or be emitted in the form of 
energy of luminescence. When the emission of 
light takes place during the period of excitation 
the phenomenon is termed fluorescence and the 
emission after the exciting source is cut off is 
termed phosphorescence. Both fluorescence and 
phosphorescence co-exist and are difficult to 
separate spectroscopically except at very low 
temperatures. The simplest type of fluorescence 
which is easy of interpretation is the resonance 
radiation of mono-atomic gases and vapours. 
The fluorescence-efficiency expressed by the 
ratio of number of light quanta emitted to that 
absorbed is great in the case of these gases, 
provided the vapour pressure is small. The 
increase of pressure or the introduction of 
foreign gases results in mutual collisions be- 
tween the excited atoms and their neighbours, 
which leads to quenching of fluorescence due to 
loss of energy 2s chemical or thermal effects. 
Two papers. were presented on the photo- 
luminescence of gases by R. G. W. Norrish, and 
by Terenin, Vartanian and Neporent, both of 
which are concerned with the low fluorescence 
efficiency of polyatomic molecules. In _ these 
cases, due to interaction between the vibrational 
and rotational degrees of freedom with electro- 
nic transition, the fluorescence has a banded 
structure. The diffuseness in certain parts of 
the spectra and the total disappearance in 
others have been generally attributed to pre- 
dissociation; but Norrish points out that these 
effects may also be due to internal quenching 
of fluorescence by the internal vibrations of 
associated groups, 


When we pass on to condensed systems, the 
fluorescence is no longer a rule as in gases 
but a rare exception. In these cases, most of 
the absorbed energy is converted to heat or 
other forms of energy. The general problems 
relating to the fluorescence of solutions to 
which E. J. Bowen refers in his introductory 
paper, are the efficiency of emission, spectral 
distribution of energy and the depolarisation. 
Connected with fluorescence-efficiency is the 
quenching of fluorescence of foreign substan- 
ces and by surroundings. This problem of 
quenching has attracted a good deal of atten- 
tion. Bowen and Norton discuss the quench- 
ing of fluorescence in solutions of anthracene 
dissolved in a number of solvents, at different 
concentrations and temperature and in the 
presence of various quenchers. Peter Pring- 
sheim examines some of the explanations 
offered for the cause of the variation in 
fluorescence intensity in dye-stuffs and aro- 
matic compounds and deals in particular with 
the quenching due to increase of concentration. 
This “concentration quenching” is explained as 
due to (1) collisions of second kind resulting 
in loss of absorbed energy as heat, and (2) the 
formation of non-fluorescing associated mole- 
cules. Due to its importance in sensitisation 
of photographic plates, the paper by Joseph 
Weiss on Photosensitised Reactions and the 
Quenching of Fluorescence in Solution is of 
great interest. The discussion following the 
papers leaves one the impression that the 
mechanism of quenching of fluorescence in 
liquids and solutions is far from being fully 
understood. 

Polarisation measurements of fluorescent 
light in liquids and solids furnish important 
data leading to conclusions as to the orientation 
of oscillators responsible for the emission of 
light with respect to the length of the exciting 
molecule. The only paper dealing with this 
question is on the Polarisation of Fluorescence 
Dissolved in Meso-phases by 

er. 


LUMINESCENCE OF SOLIDS 


The scientific and commercial application of 
the luminescence of solids has, in recent years, 
given a new impetus to theoretical and ex- 
perimental studies in the subject. From the 
theoretical point of view, luminescence in solids 
has been discussed briefly in an introductory 
paper by F. H. Spedding and in greater detail 
by Gurney and Mott, Frederic Seitz, C. J. 
Milner and N. Riehl. Two distinct types of 
luminescence in solids exist, namely, of pure 
solids and of those activated by impurities. 
But essentially, the fluorescence and phosphores- 
cence in solids are associated with non-ideal 
crystal lattice, resulting from imperfections or 
distortions in the lattice brought about by heat- 
ing or pressure or by the introduction of 
foreign impurities. Experimental evidence 
seems to show that the impurity atoms are 
distributed throughout the bulk of the parent 
substance. The part played by the imperfec- 
tions of the lattice on the one hand, and the 
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impurity atoms on the other, in the re-emission 
of absorbed light is essentially the same. 
J. T. Randall has shown in his paper on Some 
Recent Experiments in Luminescence that 
many inorganic solids in the pure state 
yield fluorescence spectra at very low tem- 
peratures. It is possible that in these cases 
‘interstitial’ metal atoms in the lattice like 
Zn in ZnS,, act as luminescent centres just 
as foreign impurities in ordinary phosphors. 
The questions that present themselves in the 
case of solids are, (1) what is the mechanism 
of absorption of energy, and (2) what is the 
process which results in the emission of light. 
Riehl believes that the energy is absorbed by 
the atoms of the bulk material as well as of 
the impurity and the absorbed energy in 
units called ‘exciton’ wanders over without 
radiation to the few impurity atoms or ‘activa- 
tors’ and is then re-emitted. The modern theory 
of semi-conductors and insulators formulated 
by Brillouin, Wigner and Seitz offers a quan- 
tum-mechanical explanation for the process of 
light-emission by solids and its relation to 
photo-conductivity. According to this theory, 
the valence electrons of the component atoms 
in a crystalline solid exist in energy states 
associated with the lattice as a whole. The 
periodic potential field due to these electrons 
causes the possible transitions of electron energy 
to be restricted to certain bands or ‘zones’ with 
‘forbidden regions’ lying between them. The 
function of the impurity atoms or imperfections 
in the lattice is to introduce additional energy 
levels in the forbidden region. The absorption 
of energy by an electron of the lower level 
leads it to go to a higher level leaving a ‘hole’ 
behind. The excited electron may lose its 
excess energy as heat radiations without exhi- 
biting any luminiscence or fall back to any of 
the lower states (stable or meta-stable), but 
not necessarily to the hole which it left behind, 
with the emission of radiation (luminescence). 
By a combination of Pauli Exclusion Principle 
and Frank-Condon curves, Milner gives a 
theoretical interpretation of the observed facts 
about sulphide phosphors and Seitz explains 
the characteristics of the alkali-halide-thallium 
phosphors and zinc sulphide phosphors which 
exhibit photo-conductivity. But the theory is 
by no means able to explain all the observed 
facts satisfactorily. Experimental observations 
which would be helpful for formulating a theo- 
ry of sulphide phosphors are given by Levy 
and West in their paper. Expressions for 
quantum-efficiency of luminescence in solids 
and the laws of decay of phosphorescence in 
mono-molecular and bi-molecular reactions are 
given by Gurney and Mott. Influence of 
crystallisation upon the intensity and duration 
of luminescence in certain glasses is dealt with 
by Maurice Curie and a useful review of the 
experimental results with luminescence of in- 
organic solids is given by J. Ewles. 

As shown by Spedding in his introductory 
paper, luminescence of solids yields two 
classes of spectra, (1) the continuous spectra 
and (2) the discrete or line spectra. In the light 
of the theory given above, if the energy states 
of the valence electrons are broad, either due 
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to the influence of the neighbouring atoms or 
due to the thermal agitation of atoms (Debye. 
waves) or the lattice oscillations, the spectra 
are continuous. Discrete spectra are given when 
the upper and the lower states are sharp. This 
condition is secured, among others, in crystals 
containing the elements of the transition groups 
and divalent manganese and trivalent chro- 
mium ions and in organic compounds containing 
unsaturated resonating bonds. Lowering tem- 
perature simplifies the spectra in all cases and 
renders the continuous spectra generally sharp. 
From the papers presented and the discussions, 
it is clear that there is much scope for further 
experimental work by employing low tempera- 
tures and single crystals. The influence of lattice 
oscillations and molecular vibrations and rota- 
tions on the position and distribution of inten- 
sity in the spectra remains to be worked out. 

In a very interesting paper on the Applica- 
tion of Phosphorescence Spectra to the Investi- 
gation of the Structure of Solids and Solutions, 
R. Tomaschek outlines a new method of in- 
vestigation of (1) the structure of glasses, 
(2) the nature of phosphorescent centres, 
(3) the hyperstructure of crystals and (4) the 
constitution of liquid solutions. The method 
consists in embedding ions of Cr, Ni, or Co 
or the rare earths in solids which otherwise 
yield continuous spectra and in analysing the 
resulting line spectra in terms of the energy 
scheme for the activator. Further development 
of the method promises to yield valuable in- 
formation regarding the nature of forces in 
the solid and the liquid media. The technical 
importance of investigations in luminescence 
in solids is shown by papers dealing with 
fluorescence efficiency of discharge tubes con- 
taining neon by Jenkins and Bowtell, with 
cando-luminescence by Minchin and with the 
practical application of luminiscent solids for 
the manufacture of high lumen-efficiency mer- 
cury discharge lamps and of decorative signs 
and for the preparation of luminescent screens 
for television by T. J. Davies. Developments 
of commercial value in illumination engineer- 
ing may be expected to arise out of researches 
in this direction in the near future. 


CHEMI-LUMINESCENCE 


As in the luminescence of solids and liquids, 
the emission of light accompanying certain 
chemical reactions is explained as due to the 
production of excited ions, ionic complexes, or 
radicals during intermediate reactions, and 
consequent emission of photons. The explana- 
tion of different stages of chemical reactions 
involved varies from system to system and in 
fact, the spectral study of the emitted light 
yields important information regarding the 
kinetics of those reactions. The papers, dealing 
as they do with individual systems, are neces- 
sarily incoherent and cannot be brought under 
one common principle. The paper by R. Audu- 
bert contains interesting new observations on 
the Emission of Ultraviolet Rays by Chemical 
Reactions, which would be of help in future 
investigations of molecular transformations 
during chemical changes. The paper on Bio- 
luminescence by Harvey gives a brief review 
of the theories advanced in explaining the 
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mechanism of production of light of high 
quantum efficiency by living matter. 

In conclusion it may be stated that the 
contributions made in the Symposium and the 
lively discussions accompanying them show 
that while luminescence is a fundamental phe- 
nomenon and much has been done in the way 
of exploration, there is much more which awaits 
further investigation, both theoretically and 
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experimentally, before a general theory of 
luminescence explaining all facts connected 
therewith could be formulated. By bringing 
together prominent workers in the field and 
publishing the proceedings in full, the Faraday 
Society has done a great service for the future 
workers in the subject. 


C. S. VENKATESWARAN. 


Einstein’s Generalisation of Kaluza’s Unitary Theory 


THE Kaluza-Klein theory introduces a fifth 
dimension in attempting to derive a unitary 
theory connecting gravitation and electricity. 
Einstein has recently attempted to generalise 
this theory! by putting in physical concepts into 
the purely mathematical structure of Kaluza’s 
theory. 

The aim of this theory of Kaluza was to 
obtain some new physical aspect for gravitation 
and electricity by introducing a unitary field 
structure with the aid of a fifth dimension, the 
essential result being that such a five-dimen- 
sional structure could be built up so as to be 
equivalent to a four-dimensional structure plus 
a vector field which is the potential vector for 
the electro-magnetic field. This result, though 
elegant mathematically, was not productive of 
new physical ideas, and consequently many 
attempts were made to retain the essential 
formal results obtained by Kaluza without 
sacrificing the four-dimensional character of the 
physical space. But all such attempts have 
proved unproductive, and it appears impossible 
to formulate Kaluza’s idea in a simple way 
without introducing the fifth dimension. 

On the basis of these considerations, Einstein 
and Bergmann have now attempted to introduce 
the fifth dimension in a very effective manner 
without its being merely a sort of “catalytic 
agent” as in the Kaluza theory. To bring out 
clearly the generalisation proposed by Einstein, 
let us consider how Kaluza’s five-dimensional 
structure is made equivalent to a four-dimen- 
sional one and a vector field. It can be shown 
that by a suitable characterisation of the 5- 
space with the metric 
do* = y,, da* dx” (uw, v = 0, 1, 2, 3, 4).. (1) 
the components of the fundamental metric 
tensor can, by the choice of a special co-ordinate 
system, be reduced to ten functions gm, and 
the four functions Ay (m, n = 1, 2, 3, 4) which 
do not depend on x®. This reduction gives a 
four-dimensional description of the space, and 
the independence of the functions on x® shows 
the purely formal nature of the fifth dimension 
x” which is just put in only to be taken out 
later. On Einstein’s new theory it is shown that, 


1 Vide Annals of Mathematics, July 1938, 39, No. 3, 
683. 


with a suitable modification of the postulates 
of the 5-space, it is possible to make an exactly 
analogous reduction to gm, and A» with this 
difference that the components of gm, are in 
general periodic functions of x®. The Am, 
however, is independent of x® as in the -old 
theory. Remembering that gm», is a four-di- 
mensional metric tensor, this amounts to an 
intimate physical connection of the space-time 
with the new dimension. The x°® which is put 
in at first is not taken out after the reduction 
but left behind so as to modify the 4-metric. 
The periodicity of the components of this 
4-tensor in the new co-ordinate enables one to 
interpret physically the fifth dimension. In a 
very rough way, one could describe this as a 
sort of a phase, and the 4-dimensional space- 
time might be thought of as having been replac- 
ed by a 5-dimensional space-time-phase. Since, 
however, this new co-ordinate is “dimension- 
less” there arises no contradiction with the 
empirical four-dimensional character of phy- 
sical space. 

From its very nature, the new theory is 
essentially complex in its physical aspects, and 
Einstein and Bergmann have given the deriva- 
tion of the fourteen field equations starting 
from a variational principle, and also the identi- 
ties satisfied by the field equations. The theory 
involves four universal constants of which one 
corresponds to the gravitational constant in- 
volving a connection between the units of length 
and mass, another depending on the unit of 
length, while the remaining two are “genuine” 
universal constants which cannot be eliminated 
from the theory. 

When looked at from the purely geometrical 
point of view the new theory introduces some 
very interesting features. The five-dimensional 
space defined by the metric (1) is here closed 
with respect to one dimension, and this closed 
space will be represented by a space which is 
open and periodic with respect to this dimen- 
sion. A point P of the physical space will be 
represented by an infinite number of points P, 
P’, P” of the 5-space. This type of non-homeo- 
morphic correspondence between general metric 
spaces is itself a rich mathematical concept 
capable of a large number of developments. 


B. S. Mapwava Rao. 
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CENTENARIES 


By S. R. Ranganathan, M.A., L.T., F.L.A. 
(University Librarian, Madras) 


Dale, Samuel (1659-1739) 


SAMUEL DALE, a British botanist and phy- 
sician, was apprenticed for eight years to 
an apothecary, and he established independent 
practice, about 1688. His critical knowledge 
of plants and drugs was acknowledged by emi- 
nent scientists of his day. 

CONTRIBUTIONS TO MEDICINE 


His chief work was the Pharmacologia or an 
introduction to the materia medica (1693) 
which went through several editions even long 
after Dale’s death. It was the first systematic 
work of importance on the subject. 


CONTRIBUTIONS TO NATIONAL SCIENCE 


His second great work took the form of an 
appendix to the second edition (1730) of Silas 
Taylor’s History and antiquities of Harwich and 
Dovencourt. He built up a herbarium of great 
value. He bequeathed this to the Apothecaries’ 
Company and it is still preserved in the British 
Museum. 

Genus Dalea 

Nine of his papers were published in the 
Philosophical transactions of the Royal Society. 
His services to Botany made Linnaeus im- 
mortalise his name in the leguminous Dalea. 

Dale died June 6, 1739. 


Cunningham, Allen (1791-1839) 


ALLEN CUNNINGHAM, an Australian bota- 

nist, was born at Wimbledon, Surrey, on 
July 13, 1791. He was educated at Putney and 
trained for the law by a Lincoln's Inn convey- 
ancer. Finding these studies uncongenial, he 
became assistant to Acton, the manager of Kew 
Gardens. In 1814 he was appointed Botanical 
Collector to the Royal Gardens. Having spent 
two years in Brazil, he reached New South 
Wales in 1816. He spent the next sixteen 
years in explorations and botanical researches, 
having been attached to P. P. King’s survey 
party from 1817 to 1822. 

His PUBLICATIONS 


His notes on the botanical results of the sur- 
vey occupy nearly 40 pages of King’s Narra- 
tive of a survey. It was considered important 
enough to be issued separately in German as 
Einige allgemeine Bemurkgen uber die Vegeta- 
tion, vorzuglich der Nordwestkuste von Austra- 
lien (1829). Six other papers of Cunningham 
were published in different periodicals. 


As COLONIAL BOTANIST 


Having spent about four years in England 
to arrange and name his specimens at Kew, 


he succeeded his brother in 1835 as Colonial 
Botanist; but he resigned in 1837 as he found 
that his duties included too much uncongenial 
work and actual gardening, the government 
officials having formed the habit of procuring 
their supply of vegetables from the botanical 
garden. But the Governor was anxious to re- 
tain his services and ordered the abolition of 
the “Cabhage Garden” practice. But Cunning- 
ham demanded the position of government 
botanist, with no responsibility for the botani- 
cal gardens and carte blanche as to the disposal 
of his time. As it was felt that the last condi- 
tion might prove a dangerous precedent, he 
was offered as an alternative, six months’ leave 
every year to prosecute explorations. But the 
negotiations fell through and Cunningham went 
away to botanise in New Zealand, from where 
he returned to Sydney in a deplorable state 
of health and died, June 27, 1839. 


Bell, Horace (1839-1903) 


HORACE BELL, a British Indian engineer, 

was born in London, June 17, 1839. Hav- 
ing received his early education in France and 
at Louth in Lincolnshire, at the age fifteen, 
he was placed as a pupil with a civil engineer 
in Westminster. But recognising, even at that 
age, the need of thorough grounding in the 
profession he wished to follow, he went to 
Glasgow where he entered the firm of Messrs. 
D. Cook & Co., as an apprentice. Afterwards 
he worked in Caledonian Railway shops. In 
1859 he got employed in London. Three years 
later, he was successful in open competition 
for an appointment as an assistant engineer in 
the Indian Public Works Department. 


As INDIAN ENGINEER 


He was posted, in the first instance, to the 
Central Provinces, where he worked on the 
construction of the Grant Deccan Road connec- 
ting Calcutta and Bombay. In 1870 he was 
sent on railway survey work to the Wardha 
valley and successively worked in the con- 
struction of several railways such as Indore 
(1870), Punjab Northern (1874), Rajputana 
(1875), Neemuch (1878), Great Western and 
the Moghul-Serai Railways. 


NILGrRI MountTAIN RAILWAY 


On retirement, he established himself as a 
consulting engineer in London and as such, he 
guided the design and construction of the Nil- 
giri Mountain Railway, a rack railway of meter 
gauge, opened in 1899. 

Bell died in London, April 10, 1903. 
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ASTRONOMICAL NOTES 


Planets during July 1939.—Mercury will be an 
evening star and on July 14, will be at its great- 
est eastern elongation from the Sun (— 26° 31’). 
Venus continues to draw closer to the Sun 
and will be visible only for a very short time 
before sunrise. Mars is best situated for ob- 
servation, being in opposition to the Sun on 
July 23; its semi-diameter at the time will 
be 24” and the stellar magnitude — 2-6 (nearly 
two and a half times brighter than Sirius). 
The planet is closest to the earth on July 28 
when the distance will be about 36 million 
miles. 

Jupiter rises a little before midnight and 
will be a conspicuous object in the eastern sky 
during the latter part of the night. On July 30, 
it will be at a stationary point of its apparent 
orbit. Saturn will be in quadrature with the 
Sun on July 24 and will be found near the 
meridian at sunrise. The ring ellipse is get- 
ting gradually wider, the major and minor 
axes being 40” and 11” respectively on July 15. 
Uranus is slowly moving eastwards in the con- 
stellation Aries and can be seen as a morning 


star. There will be a close conjunction of the 
planet with the Moon on July 12. An occulta- 
tion of some interest that can be observed in 
India is that of a Libre (magnitude 2-9) by 
the Moon on the night of July 24. 

Comets.—Pons Winnecke Comet is still faint 
and is moving towards the south in the constel- 
lation Béétes. According to the computations 
of Levin and Porter, the Comet will be nearest 
the earth on July 2 when the distance will be 
about ten million miles. At the apparition of 
1927, the Comet approached the earth to a dis- 
tance of four million miles when it was conspi- 
cuously visible to the naked eye. Although 
it may not reach the same brightness next 
month, it is very likely the Comet will become 
bright enough to be seen with some moderate 
optical aid. 

The bright Comet (1939d) which was 
discovered on April 18 was visible to the 
naked eye for u considerable time und has been 
widely observed. It has since moved south- 
wards into the constellation Canis Minor and 
has become fainter. ye 


SCIENCE NOTES AND NEWS 


A New Method of Creating Electrification.— 
When certain insulating materials, e.g., silica, 
sulphur, in an adequate degree of fineness are 
allowed to strike a metal plate perforated with 
small holes, the metal plate becomes electrified 
positively and the insulating powder negatively. 
In order to produce the effect the materials 
must be dry and the size of the grains of the 
powder must be such that when they fall on 
the perforated metal sheet, they fall through 
and do not accumulate on the metal. This novel 
phenomenon recently discovered by A. Flemm- 
ing (Proc. Phys. Soc., 1939, 51, 401) is shown 
to be inexplicable in terms of frictional or piezo- 
electric effects, and forms the starting point of 
a new and fruitful line of investigation. 

K. S. G. D. 
* 

Bud Mutations in the Orange.—An extra- 
ordinarily interesting instance of bud mutation is 
to be found in the case of the Satsuma Orange 
(Unshiu), Citrus unshiu, Marc. var. preecoxr of 
the variety called Wase. This variety has the 
peculiar characteristic that it does not breed 
true from vegetative propagation. These trees 
often send out single branches of entirely differ- 
ent character from the main type of branches 
on the tree. In some trees the variation branch 
is not limited to a single branch per tree but 
that two or even three arise from a single tree. 
These bud mutations show the most diverse 
variations. Some are suited to hot climates; 
some are resistant to insufficient care; some 
produce gigantic fruits; some give fruits which 
are globose, and others flat-topped fruits; 


some again are found to suit even very cold 


climates; some give exceedingly early-maturing 
fruits of excellent quality. It is stated that 
quite fifty different mutants have been so far 
observed in this variety of orange. The dis- 
covery of this phenomenon has been fully ex- 
ploited by the Japanese in extending their areas 
of orange cultivation and in raising fruit which 
can come into the American market long before 
the local crop. Prof. Tanaka, the famous autho- 
rity on oranges, who draws attention to this 
interesting subject (The Philippine Agriculturist, 
27, No. 6) refers to the great difficulty of ex- 
plaining scientifically this problem of the un- 
stability of the Wase variety of the Satsuma 
Orange and after discussing various possibili- 
ties, inclines to the opinion that the change may 
be the result of external factors like a strong 
stimulus, as a wound or a break, or unusual ac- 
cumulation of nutrients by girdling or twisting. 
He states his observation that the mutating 
branches have distinct signs of disturbance 
close to the point from which the mutation 


started. If this view is correct, then it should 
be very easy to induce mutations artificially 
wherever desired. A. K. Y. 


The Effect of Scion on Stock.—Describing 
the progress of horticultural research in Japan, 
Prof. Tanaka draws attention to what is well 
known to Japanese pomologists, though not 
so well known outside, viz., the marked 
change undergone by the citrus stock Poncirus 
trifoliata, the trifoliate orange, which is the 
stock used extensively in Japan for the propa- 
gation of the orange (The Philippine Agricul- 
turist, 27, No. 6). The trifolate orange plant 
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is a shrub in nature but when it is used as a 
rootstock it swells up greatly in size, becoming 
thicker than the scion when the latter assumes 
an enormous size. Prof. Tanaka studied the 
results of budding citrus varieties of many 
kinds on fo trifoliate rootstock and found that 
the rootstock undergoes remarkable change, 
showing a different amount of growth exactly 
in accordance with the scion species. With 
scion of sweet orange, for instance, the 
trifoliate stock becomes deep-rooted; with the 
lemon as scion, the opposite effect is produced 
on the trifoliate rootstock, viz., a shallow root 
system, and even a change in the colour of the 
roots. The same result of changing the charac- 
ter of the root system of the stock has been 
found, he says, in the Japanese Persimmon Dio- 
spyros Kaki, and in other fruits. Some varie- 
ties always give the roots a narrow angle or a 
deep-rooting habit to the rootstock while others 
give a shallow-rooting habit. In the case of the 
apple, the Famuse apple in California is stated 
to give a deep-rooting habit and the Akin apple 
a shallow-rooting habit to the see 


The Absorption of Ammonium Nitrogen by 
Plants.—That pineapple plants can absorb and 
assimilate ammonium nitrogen and that they 
can do so more readily than nitrate nitrogen 
when grown in nutrient solutions, is shown by 
water culture experiments, reported by C. P. 
Sideris et al (Plant Physiology, 1938, 13). The 
immediate products of the assimilation by 
the roots were amino-acids and small quantities 
of glutamine and asparagine. Nitrate was assi- 
milated very slowly if at all in the root tissues 
and was translocated through the stem and non- 
chlorophyllous tissues of the leaf bases presun:- 
ably to the chlorophyllous tissues. Nitrate 
nitrogen was neither absorbed nor assimilated as 
readily as ammonium nitrogen, which was ap- 
parently assimilated in the roots as readily as ab- 
sorbed. Plants in the ammonium series contained 
in the non-chlorophyllous tissues comparatively 
great amounts of soluble organic nitrogen and 
small quantities of protein; whereas the plants 
in the nitrate group had in their roots large 
quantities of protein as compared with organic 
soluble organic nitrogen. The nitrate group 
also showed a lower rate of carbohydrate uti- 
lisation as evidenced by the presence in their 
leaves of somewhat greater amounts of reducing 
sugars and sucrose. A. 


a 

The Golgi Apparatus in Amphibian Tissue 
Cells.— An important contribution to our know- 
ledge of the structure of the Golgi apparatus of 
vertebrates is made by A. W. Pollister (Quart. 
Journ. Micros. Sci., March 1939, 81, Pt. II). 
He has examined practically every tissue cell 
of Amphibia and is able to formulate certain 
general conclusions regarding the structure and 
arrangement of the Golgi apparatus in this 
group. Larve as well as adults have been 
examined. Regarding the arrangement of the 
Golgi apparatus and the associated parts in the 
cell he notes two types: (1) the epithelial or 
physiologically polarised type where the Golgi 
apparatus is in the form of a collar surround- 
ing the nucleus and with the centrioles far dis- 
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tant from the Golgi apparatus; (2) the leucocyte 
or, physiologically the unpolarised type where 
the Golgi apparatus is in the form of a hori- 
zontal collar in close relationship with the 
centrioles. Regarding the structure, two facts 
appear to be emphasised by the author: 
(1) Everywhere and in every kind of tissue 
cell of Amphibia the Golgi apparatus is lamellar 
and presents some variation of a plate-like 
structure resembling the condition found among 
the invertebrata; (2) In the Amphibia, at any 
rate, no differentiation between osmiophilic and 
osmiophobic regions can be made out in the 
Golgi apparatus. 
% 

A Gigantic Monument in India—A new chap- 
ter has been added to the artistic and cultural 
history of Bengal in the publication, just made, 
in the series of Memoirs of the Archeological 
Survey of India, of a monograph on the results 
of the excavations at Paharpur, Bengal. 

The Paharpur mound and its enclosure were 
protected by the Archzological Department 
nearly twenty years ago, and the first sod was 
turned sixteen years ago. The systematic ex- 
cavation by the Archzological Department be- 
gun in 1925 was only recently concluded, and 
the place has now revealed a great four-storeyed 
temple with a unique plan and a gigantic 
containing nearly 190 cells enclos- 
ing it. 

The plan of the main temple at Paharpur 
consisting, as it does, of a square shrine in the 
centre with cross-shaped adjuncts on each side 
and projections between each side, the whole 
being constructed in four terraces, is so far 
unique in India and supplies the missing clue 
to the type of architecture so prevalent in 
Burma, Java and the Malayan Archipelago. 
After the discovery of Paharpur an earlier 
prototype has been found farther inland at 
Nandangarh in the extreme north of Bihar. 

The most important discoveries at Paharpur 
are the stone images in the lower basement of 
the main temple, which revealed a new school 
of art in the sixth-seventh century A.D. It is 
astonishing that in a monument which, there 
is no doubt, must be identified as the Buddhist 
vihara built by the well-known Pala Emperor, 
Dharmapala, at the end of the eighth century 
A.D., such a remarkable series of sculptures 
consisting mainly of Brahmanical figures should 
have been found embedded in the walls in such 
good preservation. 

The most numerous specimens of artistic 
work found at Paharpur are the terracotta 
plaques, of which nearly 2,800 were found, over 
two-thirds being still in situ. These plaques 
in which are depicted a bewildering variety of 
subjects play a prominent part in the scheme 
of decoration of the walls in each terrace of 
the temple, there being two or even three rows 
of plaques in some walls. 


* 
_ The Bihar Earthquake of 1934.—Extensive 
investigations have recently been made on the 
nature of the numerous earth fissures which 
came into existence all over the affected area, 
as a result of the great Bihar earthquake of 
1934. The fissures were widespread over certain 
zones north of the Ganges, and generally 
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followed pronounced surface features such as 


river-banks, lakes, tanks, road and railway 
embankments, etc. Sometimes they were 
arranged in a series of step faults, others 
resembled trough faults where the ground sank 
between two parallel fissures. The maximum 
width of a fissure was about 27 ft. and the 
greatest length, 700 yards. Towards the end 
of the main shock, and immediately after it, 
enormous quantities of sand and water were 
thrown out from vents and fissures. The fact 
that the erupted water was frequently reported 
to have been hot shows that it may have come 
from a fair depth. 

The fearful rumblings which accompanied 
the earthquake have also been investigated and 
these have been variously described as com- 
parable with the noise of “several aeroplanes”, 
“a heavy motor lorry”, “an approaching goods 
train”, “a passing motor car”, or “a train pass- 
ing through a tunnel”. So far as can be judged, 
these sounds were heard more or less simulta- 
neously over the whole area, and could not 
accordingly heve originated from a_ point. 
During the transmission of seismic waves, rock 
particles are moving rapidly against each other, 
and the secondary vibrations so set up may 
give rise to sound waves. The sounds emitted 
are independent of the speed of the seismic 
waves, but are indirectly dependent upon their 
frequency. 


Earthquake Shocks in 1938.—According to the 
General Report of the Geological Survey of 
India for 1938, Htawgaw, not far from the 
China frontier in the northern corner of Burma, 
maintained its notoriety as one of the most 
seismic places in this country, by recording 
several scores of shocks. 

A series of tremors and shocks of varying 
intensity, accompanied by loud rumbling sounds, 
were felt in Western India at Paliyad. The 
shocks are ascribed to changes taking place 
beneath the Deccan trap formation of the 
locality, probably connected with the uplift of 
Kathiawar in recent geological times, which in 
places amounts to about 1,200 feet. 

Occasional shocks of small intensity continued 
at Mettur in the Salem District where the 
Cauvery River has been impounded by a large 
dam having a miximum depth of storage of 165 
feet and a net capacity of 93,500 million cubic 
feet of water. 

Many shocks of light to moderate intensity 
were reported from north-western India, the 
Punjab, Kashmir, North-West Frontier Pro- 
vince and Baluchistan. One of these, of 
moderate intensity sufficient to affect persons 
at rest and make hanging objects swing was 
felt between 15-00 hours and 15-05 hours I.S.T. 
on January 18, 1938, over a large area north 
and west of Lahore. No damage to property 
was reported. Two other shocks of a similar 
nature, one at about 16-15 hours on January 
26 and the other at about 1-00 hour on Feb- 
ruary 15, were also felt in several places in 
the North-West Frontier Province. 

A number of tremors and light shocks were 
felt in Assam, in and around the plateau. 
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Andamans’ Shell Fishery.—Indications of a 
new industry, the possibilities of which yet re- 
main to be exploited by India, are given by the 
Zoological Survey of India, as a result of in- 
vestigations lately concluded on the shell fishery 
of the Andamans and Nicobar Islands. 

Round these reef-bound islands of the Bay 
of Bengal, there occur beds of two large species 
of marine snails, the Top-Shell and the Turban- 
Shell of commerce known to zoologists as 
Trochus niloticus and Turbo marmoratus. The 
shells of the snails, as well as those of the 
pearl-oysters and similar animals, are largely 
used in China, Japan, the Philippines and other 
parts of the world for inlaying and other forms 
of ornamental work and in the manufacture of 
buttons, studs, tooth powder, etc. The best 
grades of shells are sold at Rs. 600 to Rs. 800 
per ton in the Singapore shell market. Between 
1930 and 1937, the shells fished under licence 
in the Andamans and Nicobar areas exceeded 
1,200 tons, valued at Rs. 8,50,000. 

Little was known of the occurrence, life- 
history, growth and bionomics of the shell fish, 
and as rules and regulations to control the 
fishery had to be based on facts relating to 
the life of the animal, the Zoological Survey 
of India was called upon to undertake a pre- 
liminary study of the fishery in 1930, when the 
fishing by enterprising Japanese Fishery Com- 
panies had been in progress for three months. 

With the help of a small research staff at 
Port Blair, Andamans, drafted from the Zoolo- 
gical Survey of India and under the control and 
direction of the Director of the Survey. some 
important facts concerning the life-history of 
the shell fish and the fishery were gathered 
during the six years 1930-35. These facts are 
now published in the form of a “Consolidated 
Report on the Shell-fisheries in the Andamans”. 

As a commercial proposition, the shell-fishery 
has suffered a setback mainly as a result of 
excessive fishing in the earlier period, both by 
the licensed and the unlicensed Japanese fisher- 
men of Singapore, which has considerably 
thinned out the shell population of the sea. 
The indiscriminate removal of shells, 
whether young or in the breeding stage, has 
likewise been the cause of the decline of the 
shell population. 

The enforcement of the observance of the 
rules and regulations framed for the protection 
of the fishery was by no means easy. The 
result has been that shell-fishery in the Anda- 
mans has been at a low ebb for the last five 
years and it seems that nothing can rehabilitate 
it except prolonged rest from fishing for a period 
from three to five years. 

Dipterocarpus (Gurjan) Forests in India and 
their Regeneration—A recent publication is- 
sued by the Forest Research Institute, Dehra Dun 
(Indian Forest Records, 3, No. 4) summarises 
all available information concerning the Dip- 
terocarpus, which are extensively employed for 
railway sleepers, plywood and for general con- 
structional purposes. Nine species of Diptero- 
carpus are known, all of which are considered 
to be good, general utility timbers. The trees 
are usually of large size and give a high out- 
turn of sound, clean timber of uniform quality. 


The publication, besides containing information 
on the distribution and silvicultural characters, 
gives details regarding the natural and artifi- 
cial methods of regenerating these species. 


The Hornet’s Nest placede on show in the In- 
sect Gallery of the Indian Museum, Calcutta, is 
probably one of the largest specimens that have 
yet come to notice, it is a never-ending source 
of interest to the visiting public, who are able 
to examine at close quarters and in perfect 
safety its complicated internal structure. 

The nest was acquired by the Zoological 
Survey of India from a small bael tree growing 
in the compound of a house in Calcutta in 1925. 
On enquiry it was found that the hornets com- 
menced building this beautiful nest in the spring 
of 1924. In the month of March the size of 
the nest was about the size of the bael fruit 
and by May it had attained the size of a man’s 
head; towards the end of Octeber the growth 
of the nest reached its maximum and was over 
3% feet in height, its maximum breadth near 
the base being over 2 feet. 

The nest is covered over by an envelope of 
a papery material which is probably a mixture 
of chewed wood and some glandular secretion 
of the hornets; usually the covering is thin and 
delicate but in the present case it is very strong 
and tough. The envelope completely encloses 
the nest, except for two small circular openings 
on the two sides near the base, which served 
as the ingress and exit passages to the nest. 

Vespa cincta, which is the name by which this 
insect is known to the scientific world, is a fair- 
ly common species of hornet found all over the 
plains of India. It builds its nests in the holes 
of large fig and other forest trees. It is largely 
predacious and its larve are known to feed on 
other insects. Although at times it causes in- 
jury to fruits, it is useful as scavenger and in 
reducing the number of other insects, more 
especially Dipterous and Lepidopterous larve 
which are responsible for the destruction of 
several economically important plants. 


A new giant telescope has recently been in- 
stalled at the McDonald Observatory in Davis 
Mountains of Western Texas. The instrument 
has a 82-inch mirror and is capable of photo- 
graphing stars only a millionth as bright as 
any that can be seen by the unaided human 
eye. This brings the total number of telescopes 
of 2 feet in diameter or more now in use in the 
world to 40. According to a Bulletin recently 
issued by the National Geographic Sociezft', 
“The McDonald Observatory telescope is the 
second largest in the world in actual use at 
present, being exceeded only by the 100-incin 
telescope at Mount Wilson Observatory, Pasa- 
dena, California. Both, however, will be sur- 
passed soon by the 200-inch telescope to be set 
up on Mount Palomar, California, under the 
joint auspices of California Institute of Tecn- 
nology and Mount Wilson Observatory. The 
McDonald Observatory will be operated jointly 
by the Universities of Texas and Chicago. The 
mirror of the McDonald Observatory telescope 
weighs nearly three tons, yet its curved surface 
has been ground and polished to an accuracy 
of one-millionth of an inch. The telescone and 


Science Notes and News 


Current 
Science 


its mounting weighs 75 tons, yet it is so perfect- 
ly balanced that it is moved by a motor of 
1/3 H.P. and can be adjusted to a_ hair’s 
breadth.” 

Demographic Problems.—The League of Na- 
tions’ Committee of Experts, whose terms of 
reference were “to study demographic problems 
and especially their connection with the eco- 
nomic, financial and social situation ard to 
submit a report on the subject which may be 
of practical value to Governments in the deter- 
mination of their policies”, held its first session 
recently, with Prof. T. Smolenski as Chairman. 
According to a communique issued by the In- 
formation Section of the League of Nations, 
the Committee held a general discussion with 
the object of defining the poinis to which its 
studies should, in the first place, relate. The 
following three questions will receive attention 
at the beginning: (1) the problems which 
present themselves in countries with rapidly 
increasing populations; (2) the problems which 
present themselves in countries with or threat- 
ened with diminishing population and (3) the 
problems which present themselves in coun- 
tries with a population which is small relatively 
to the productive area or to the natural re- 
sources. The Committee also considered the 
advisability of organising a demographic centre 
attached to the Secretariat. 

Anti-Malarial Drugs—The enormous dispro- 
portion between the world output of quinine 
and the quantity required to treat known cases 
of malaria is widely recognised. The latest 
issue of the Chronicle of the Health Organisa- 
tion of the League of Nations (Vol. I, No. 6) 
refers to this question and points out that “this 
matter is the more deserving of attention as 
malaria-ridden countries ere ustiaily countries 
of limited economic resources and are unable 
for that reason to meet the expense of collec- 
~ treatment and prophylaxis by anti-malarial 

rugs”. 

The Malaria Commission has carried out ex- 
tensive comparative experimental work on the 
so-called synthetic drugs. Tine research work 
conducted by the Commission has enabled it to 
recommend the use of totaquinc, a mixture of 
cinchona bark alkaloids, that can be produced 
at a price well below that of quinine. 

With a view to consider the present state 
of production of anti-maiarial drugs in vari- 
ous countries, the requirements of malarious 
countries and future possibilities and to con- 
sider how the consumption of these drugs can 
be promoted, the Health Organisation of the 
League of Nations, on the recommendation of 
the Malarial Commission, proposes to call for 
a conference of representatives of producing 
and consuming countries; the conference will 
probably be. held in 1940. 

Microbiology in the Preservation of the 
Hen’s Egg.—When eggs are stored all possible 
steps must be taken to prevent their spoilage 
by moulds and bacteria. A recent report issued 
by the Food Investigation Board (Special Re- 

t, No. 47. H. M. Stationery Office. Price 


por 
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of micro-organisms that attack the egg, the 

sources from which they come, the types of 

spoilage they cause, the egg’s defences against 

invasion, and the means that can be adopted 

in storing eggs to reduce infection and conse- 

quent spoilage. 
ae 

The Simphak or Bark cloth of the Garos of 
Assam, was one of the exhibits shown by 
Dr. B. S. Guha at the ordinary monthly meeting 
of the Royal Asiatic Society of Bengal held on 
the 5th June. “The making and use of bark 
cloth is confined to the Matchi and Chisak Garos 
inhabiting the eastern half of the district. They 
call it Simphak and prepare it from the bark 
of one of the following trees: (1) Pakram 
(Grewia lilie folia), (2) Prap (ficus Rumphi), 
(3) Chram (Artocarpus Chaplosha), (4) Dumbri 
(ficus glomorata), (5) Anisep (Kydia calycina). 
Of these the first yields the best and the last, 
the worst kind of Simphak. The bark is taken 
from the main stem of the trees by cutting two 
rings on the stem about 8’ apart. These — 
joined by one vertical cut and the bark is spli 
open and pulled off. The outer green layer is 
carefully removed and the bark is well pounded 
from the one end to the other running along 
the fibre with serrated mallet on a smooth log 
of wood. It is then doubled over lengthwise 
and the process of folding and pounding is con- 
tinued until it is reduced to a thick mass of 
fibre. The moisture is wrung out and it is dried 
in the sun unfolded. The requisite length and 
width are obtained by stitching together two 
or three pieces, the usual size being 8’ x 2’. The 
Simphak is used for blanket or bedding pur- 
poses and is never used for wearing by the 
Garos.” 

* 

The Annual Report of the Indian Association 
for the Cultivation of Science for the year 
1938 refers, briefly, to the more important acti- 
vities during the past year. Sir Arthur Hill 
delivered the Ripon Professorship lectures for 
1938, Prof. J. E. Lennard Jones, the Cooch- 
behar Professorship lectures, and Sir L. L. 
Fermor, the Ripon Professorship lectures for 
1937. The Joy Kissen Mookherjee Gold Medals 
for the years 1937 and 1938 were awarded to 
Sir James Jeans and Dr. F. W. Aston. Seven 
scholarships were awarded during the year. 
Thirty-nine papers covering 462 pages were 
published in the Indian Journal of Physics, 
the contributions being drawn from various 
parts of the country. Important research work 
was carried out under the direction of Profes- 
sor K. S. Krishnan, Mahendralal Sircar Profes- 
sor of Physics; these researches are classified 
under the following heads: (1) Paramagnetic 
studies on single crystals at low temperatures, 
(2) Magnetic behaviour of manganous salts, 
(3) Magnetic anisotropy of hydrated gadolinium 
sulphate, (4) Magne-crystallic studies in rela- 
tion to valency problems, (5) Crystalline fields 
in rare earth salts, (6) Magnetic studies in re- 
lation to crystal structure, (7) Some theoretical 
implications of the magne-crystallic work and 
(8) Magnetic studies on organic crystals. 
Dr. S. C. Deb, Research Fellow, carried out in- 
vestigations on the absorption spectra of sul- 
phides and sulphur molecule. 


The Mining, Geological and Metallurgical In- 
stitute of India—The latest number of the 
Transactions of the Mining, Geological and 
Metallurgical Institute of India (May 1939, 35, 

1) gives the Proceedings of the An- 
nual General Meeting of the Institute held on 
13th January 1939, at which Mr. A. Farquhar 
was elected President of the Institute for the 
ensuing year. Mr. Farquhar’s Presidential 
Address deals with the factors governing the 
conservation of the natural mineral resources 
of the country—especially of the coking coals 
of India. He deals with the various aspects of 
this problem, such as stowing of coal by pack- 
ing, co-ordinated sequence of working the coal 
seams; blending of coals, washing of coals, 
rationalisation of coal production and coal con- 
sumption, research, etc., and in this connection, 
discusses the several recommendations of the 
Coal Mining Committee. In Mr. Farquhar’s 
opinion, “the most pressing need to-day, there- 
fore, is the formation of a National Industrial 
Research Board to make an immediate investi- 
gation into these questions, and definitely and 
finally establish a ccndition of affairs which 
will meet, with safety, the needs of the country, 
both for the present and the future.” 

The issue also contains a very elaborate and 
valuable paper by Mr. J. Thomas on “Methods 
of Stowing for Indian Mines” which, together 
with the views expressed by the leading work- 
ers on this subject in the course of the discussion 
following the paper, will form an outstanding 
contribution to the study of this problem of 
great importance in the Coal Mining Industry 
in India at the present day. 


A recent Press Note issued by the Indian 
Central Cotton Committee gives a resume of 
the work on cotton carried out at the Institute 
of Plant Industry, Indore, since its inception in 
1924. In 1932, the Committee reviewed its 
policy with regard to the work of the Institute 
and approved of a revised programme which 
included, besides different field experiments 
dealing with agronomic problems, (a) botani- 
cal classification and survey, (b) cotton breed- 
ing and selection, (c) cotton genetics, (d) phy- 
siology of the cotton plant, (e) influence of 
environmental factors on lint characters, and 
(f) field experimental technique. Considerable 
progress has been achieved in all these direc- 
tions. A _ satisfactory classification of Asiatic 
cottons, complete and acceptable to taxonomists, 
has been published. A census study of the cot- 
ton crops in Central India and Rajputana has 
shown that the best yielding cotton is a balanced 
mixture of types and not a pure type. The 
mode of inheritance of quantitative characters 
in cotton is being intensively studied at the 
Institute, and a new technique has been dev- 
eloped to overcome the difficulty of environ- 
mental variation and for distinguishing it from 
genetic variation. Varietal trials have given 
results of great practical value and through 
seed-distributing organisations, the purity of 
new strains has been effectively maintained, 
thus ensuring the best monetary return to the 
cultivator. The Institute also provides training 
in various branches of cotton research to stu- 
dents selected by the Indian Central Cotton 
Committee, 
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. A report on the staple length of cotton pro- 
duced in India for the 1938-39 season has just 
been published. 

The total production of cotton for the season 
is estimated at 5,120,000 bales of 400 lbs. each, 
the trade estimate being higher, i.e., 5,979,000 
bales (including a figure of 450,000 bales re- 
presenting extra-factory consumption); of this 
it is estimated that 5 per cent. was of staple 
length 1” and over 32 per cent. of staple length 
7/8” to 31/32”. The corresponding percentages 
for the previous years were 4 and 27 respec- 
tively, showing thereby an increase in long and 
medium staple cotton production in India. 


Birthday Honours——The Honours List issued 
on the 8th June, contains the following names 
of scientists: 

C.I.E.: Mr. H. R. Stewart, Director of Agri- 
culture, Punjab; Mr. W. J. Jenkins, Officiating 
Director of Agriculture, Bombay; Lieut.-Col. F. T. 
Anderson, Professor of Surgery, Medical Col- 
lege, Calcutta. O.B.E.: Mr. E. J. Bruen, Live- 
Stock Expert to the Government of Bombay. 
M.B.E.: Mr. A. F. MacCullough, Advisory 
Chemist, Medical Stores Department, Madras. 
Rao Bahadur: Rao Sahib D. V. Bal, Agricultu- 
ral Chemist to the Government of the C.P. and 
Berar; Rao Sahib S. L. Tambe, Special Officer 
for the Improvement of Cotton and Member 
of the Legislative Council, Indore State. 
Rai Sahib: Dr. Piare Lal Srivastava, Reader in 
Mathematics, Allahabad University, U.P., Babu 
Sajani Kumar _ Chatterji, Officer-in-Charge, 
Bacteriological Laboratory, Patna, Bihar. 


Lady Tata Memorial Trust.—The Trustees 
have announced the awards of the following 
scholarships and grants for the year 1939-40:— 

(1) International Awards: Dr. Jorgen Bichel 
(Aarhus, Denmark), Dr. Julius Engelbreth Holm 
(Copenhagen), Dr. Maurice Paul Jean Guerin 
(Paris), Professor Dr. Karl Jarmai (Budapest), 
Professor J. McIntosh (London), Professor 
Eugene L. Opie and Dr. Jacob Furth (New 
York), Dr. Joachim Wienbeck (Breslau), 
Dr. Werner Jacobson (Cambridge), and Dr. 
Edorado Storti (Pavia, Italy). ‘ 

(2) Indian Scholarships: Mr. K. Ganapathi 
(Bangalore), Mr. M. Sadashiva Rao (Bombay), 
Mr. T. J. Job (Calcutta), Mr. M. K. Halder 
(Dacca) and Mr. P. L. Narasinha Rao (Banga- 


lore). 


Dr. K. N. Kaul, Lucknow University, has been 
appointed as a member of the staff of the 
Royal Botanic | Gardens, Kew. 


Dr. W. L. Davies, Research Dairy Chemist 
and Analyst, National Institute for Research in 
Dairying, Shinfield, near Reading, has been ap- 
pointed Director of the Imperial Dairy Research 
Institute. 

Dairy Science Abstracts—The Imperial 
Bureau of Dairy Science will shortly publish 
a quarterly journal called Dairy Science Ab- 
stracts, the purpose of which will be to provide 
a survey in English of the current literature 
of dairy science from all parts of the world. 
The Table of Contents will include (1) Hus- 
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bandry, (2) Technology, (3) Control and 
Standards, (4) Economics, (5) Physiology, 


(6) Bacteriology and Mycology and (7) Chem- 
istry and Physics. At present this literature 
is published in a variety of languages and 
scattered in a large number of journals, many 
of which are not generally available to work- 
ers in dairy science. Particular attention, 
therefore, will be paid to information published 
in less familiar languages or in journals with 
a limited distribution. 

The first number will. deal with literature 
received or examined by the Bureau during 
January, February and March 1939. A num- 
ber will appear every three months; four num- 
bers will constitute a volume. To facilitate 
reference each number will contain an author 
index, and each volume, author and subject 
indexes. 

The annual subscription, inclusive of postage, 
will be:—For residents of the countries of the 
British Commonwealth and the Anglo-Egyptian 
—— who send their subscriptions direct to the 

ureau, 20/-. For all other subscribers, 25/-. 
Single parts, each, 1/6. 


Spectrographic Analysis in Great Britain.— 
Edited by A. C. Candler (Adam Hilger Ltd., 
London), 1939. 80 Pp., limp cloth covers: 
7s. 6d. net; 7s. 9d. post free. 

Although specialised spectrographs for use in 
industry originated in Great Britain and are 
widely used here, the fact has received relative- 
ly little notice in scientific or other publications. 

This record of the uses to which the spectro- 
graph is being put in 28 British factories and 
research laboratories may therefore come as 
a surprise to many who still regard chemical 
analysis as the only method of determining the 
elements present. 

The applications are extremely diverse. About 
half the contributions deal with the analysis of 
metals and alloys and these show that analysis 
by the spectrograph is accurate enough to re- 
place chemical analysis for the routine control 
of many alloys, while where a factory is pro- 
ducing metal for 99% pure or has to keep de- 
finite impurities down to less than a fraction 
of 1%, the spectrograph is likely to be as accu- 
rate. In every case it is much quicker. 

Other contributions deal with subjects as 
widely separated as brewing, the refining of 
sugar, the manufacture of silica ware, the ana- 
lysis of soil and diseases of sheep. To take the 
last only, a disease common in Somerset has 
been shown to be associated with a small trace 
of molybdenum in the herbage; traces as small 
as are here important would hardly have been 
revealed by chemical analysis. 


_ The Spectroscope is being used in an increas- 
ing measure for stndardising vitamins. The 
spectroscopic requirements for riboflavin have 
recently been investigated by Dr. H. R. Kreider 
of the American Medical Association’s Chemi- 
cal Laboratory. Dr. A. E. Ruehle of the Bell 
Telephone Laboratory has made extensive use 
of ultraviolet absorption spectroscopy for stu- 
dying the chemical reactions of vitamin B,. 
For the assay of vitamin A the spectroscope 
offers, perhaps, the best method. Evidence 
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has accumulated to show that more than one 
vitamin A occur, all very similar in physiologi- 
cal effects. The existence of these have been 
revealed by the spectroscope. 


A routine list of spectrographic apparatus 
required for vitamin A assay work in the 
pharmaceutical or food industries is given in 
the Bausch & Lomb Instrument Bulletir, No. 43 
(January 9, 1939). Special problems involved 
in the spectroscopic analysis of the several 
vitamins should be referred to Messrs. Bausch 
& Lomb, Rochester. 


~ 
Announcements 


J. N. Tata Endowment for Advanced Stu- 
dies.——Applications for studentships available 
for advanced study out of India, will be re- 
ceived not later than the 31st July 195), by the 
Secretary, J. N. Tata Endowment for Higher 
Education of Indians, Bombay House, Fort, 
Bombay. Applications should be in the pre- 
scribed form which can be had on application 
from the Secretary, and must be accon:panied 
by copies of testimonials as to character, spe- 
cial aptitude and physical fitness (including 
eyesight) and a photograph of passport size. 
Applications of students who have graduated 
with conspicucus distinction will be considered. 

Three studentships shall be given to Parsi 
candidates for every studentship awarded to 
a non-Parsi candidate but if eligible Parsi can- 
didates are not available, further studentships 
will be available to non-Parsi candidates. 


The Executive Committee of the International 
Union against Tuberculosis has announced the 
award of a biennial prize of 2,500 French 
Francs in memory of the late Prof. Leon 
Bernard, who was the Founder and for four- 
teen years the Secretary-General of the Union. 
The prize will be awarded for the second time 
in 1940 to the author of an original essay on 
“Conjugal Tuberculosis” in French or in Eng- 
lish. The essays must be typewritten or printed 
and must not exceed 10,000 words. They must 
be forwarded to the Secretary, Tuberculosis 
Association of India, 20, Talkatom Road, New 
Delhi, not later than March 1, 1940. 


The Adult Education Committee of the 
Central Advisory Board of Education in India 
meets in Simla on July 17, 18 and 19. The Com- 
mittee which was appointed at the fourth an- 
nual meeting of the Central Advisory Board 
of Education heid in New Delhi on December 
3, 1938, to examine the problem of adult edu- 


cation in India and to report to the Board, con-" 


sists of the following members:— 

(1) The Hon’ble Dr. Syed Mahmud, Minister 
of Education, Government of Bihar (Chairman) ; 
(2) The Hon’ble Mr. Sampurnanand, Minister 
of Education, Government of the United Pro- 
vinces; (3) Rajkumari Amrit Kaur; (4) Mr. 
W. H. F. Armstrong, 1£.s., Director of Public 
Instruction, Punjab; (5) The Educational Com- 
missioner with the Government of India. 

The following have been co-opted members 
of the Committee: — 

(1) The Hon’ble Mr. Varkey, Minister of 
Education, Madras; (2) Mr. Bhagwat, Chair- 
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- Adult Education Committee, Bombay; (3) 
J. J. Ghandy, General Manager, Tata Steel 

aa Iron Works, Ltd.; (4) Dr. W. A. Jenkins, 

Director of Public Instruction, Bengal. 


Agricultural Training at the Imperial Insti- 
tute of Agricultural Research—The date for 
admission to the post-graduate courses of the 
Imperial Agricultural Research Institute, New 
Delhi, has been changed from November 1 to 
October 1 from the next session, according to 
a press note issued by the Principal Informa- 
tion Officer, Government of India. 

Though a research organization at which stu- 
dies are made of fundamental agricultural 
problems of general or all-India importance, 
or of such problems as cannot be properly or 
conveniently investigated by the Provincial 
Departments ef Agriculture, the Imperial Agri- 
cultural Research Institute is also a higher 
teaching institution, providing post-graduate 
courses as well as facilities for special research, 
for selected graduates of Provincial Agricultural 
Colleges and distinguished science graduates 
of Indian Universities. 


The Third All-India Obstetric and Gynaeco- 
logical Congress.—With a view to facilitate col- 
lection of data relating to the three principal 
subjects of discussion at the ensuing Congress, 
viz., (1) Anzmia of pregnancy; (2) Functional 
uterine heemorrhage; and (3) Maternity and 
child-welfare, the provisional scientific com- 
mittee have formulated a scheme, copies of 
which can be had on application from Dr. S. 
Mitra, m.B., Secretary, Provisional Scientific 
Committee, 3, Chowringhee Terrace, Calcutta. 


We acknowledge with thanks, receipt of the 
following: — 

“Journal sy Agricultural Research,” Vol. 58, 
Nos. 6 and 7. 

“Agricultural Gazette of New South Wales,” 
Vol. 50, Part 5. 

“Monthly Bulletin of Science 
and Practice,” Vol. 30, No. 

“The Nagpur Agricultural “College Magazine,” 
Vol. 13, No. 4. 

“The Indian Journal of Agricultural Science,” 
Vol. 9, Pt. 2. 

“L’Agricoltura Coloniale,” Vol. 33, No. 4. 

“Biochemical Journal,” Vol. 33, No. 4. 

“Berichte der deustschen chemischen Gesel- 
Ischaft,” Vol. 72, No. 5. 
- “Journal of the Institute of Brewing,” Vol. 45, 

o. 5. 
“Journal of Chemical Physics,” Vol. 7, No. 5. 

“Journal of the Indian Chemical Society,” 
Vol. 16, No. 3. 

“Chemical Age,” Vol. 40, Nos. 1034-1038. 

“Journal de Chemie Physique,” Vol. 36, No. 2. 

“Chemical Products,” Vol. 2, No. 1. 

“Experiment Station Record, ‘» = 80, No. 4. 

“Indian Forester,” Vol. 65, No. 
und Fortschritte, Vol. 15, Nos. 

“Transactions of the Faraday Society,” Vol. 
35, No. 217. 

‘Transactions of the Geological, Mining and 
——s Society of India,” Vol, 10, Nos, 
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Indian Academy of Sciences: 


ant 1939. SECTION A.—Sir C. V. Raman 
V. S. RagaGopatan: The Structure and 
Optical Characters of Iridescent Glass. A 
study of numerous specimens and of 30 photo- 
micrographs of the same shows that the struc- 
tures in decomposed glass may be divided into 
six categories exhibiting distinct optical pheno- 
mena. The colours of decomposed glass actually 
become more striking when the material is 
eovered by liquid. K. G. KRISHNAN: Dispersion 
of Ultrasonic Velocity in Liquids. There is no 
definite evidence of acoustic dispersion over the 
frequency range 1-5 to 7 mc. in the cases of 
xylol, benzene, carbon tetrachloride, carbon 
disulphide and water. L. A. Rampas, B. N. 
SREENIVASIAH AND P. K. RAMAN: Variation in 
the Nocturnal Radiation from the Sky with 
Zenith Distance and with Time during the Night. 
The equivalent black body temperature of 
night sky as a whole as calculated from thermo- 
pile measurements agrees within 2° with 
that measured with a Pyrogeometer. C. R. 
Menta: Chemical Investigation of the Seed-Oil 
of Oroxylum indicum Vent. An yellow crystal- 
line substance (m.p. 274°) and a fatty oil have 
been isolated and examined. H. Gupta: Ana- 
logues of Bauer’s Theorems. H. Gupta: On a 
Problem of Arrangements. K. Bapayya: Effect 
of Temperature on the Characters of the Wings 
accompanying the Rayleigh Lines in Liquids. 
In the cases of chloroform and benzene, differ- 
ent portions of the continuous wings are found 
to be depolarised to the same extent, viz., 0-86, 
both at room temperatures and high tempera- 
tures. Depolarisation of the total scattering, 
however, in benzene diminishes from 0-44 at 
room temperature to 0-11 at 260°C. Ss. 
MINAKSHI SUNDARAM: On an Infinite System of 
Non-Linear Integro-Differential Equations. S. 
CHowLa: On a Problem of Arrangements. 
K. NAGABHUSHANA Rao: Diffraction of Light by 
Supersonic Waves—Part I. The amplitude ex- 
pressions for the diffracted orders are worked 
out in extenso. B. R. SetH: Potential Problems 
Concerning Curved Boundaries. 


May 1939. SECTION B.—P. R. Parukutty: 
On a collection of Alge from Assam— Twenty~ 
six forms out of which ten belong to the 
Chlorophycez and sixteen to the Myxophycee 
have been described. One variety and five 
forms are new. G. W. CHIPLONKER: Echinvids 
from the Bagh Beds—Part II. The examina- 
tion of fossils from the various exposures, leads 
to the conclusion that the different constituents 
of the Bagh Beds must be assigned to a single 
geological age, the observed differences being 
due to only lithological facies. The echinoids 
from the Beds must be regarded te mark the 
Cenomanian and very probably the Jower Ceno- 
manian age. ALI MOHAMMAD AND ABDU& RASHID 
Kuan: Root Development of Certain Oilseed 
Crops of the Punjab. A Study of the Root 
Habits of Representative Types of Toria, Sarson, 
raya or rai and taramira. S. Jones: On the 
external gills of Acentrogobius viridipunctatus 
(Day). External gills are unknown in Teleo- 
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stei and those in A. viridipunuctatus, the origin, 
structure’ and degeneration of which are de- 
scribed in this paper, are the first of their kind. 
B. P. Pat anv B. B. Munpxur: Studies in 
Indian Cereal Smuts—I. Cereal Smuts and 
their Control by the Development of Resistant 
Varieties—An introductory paper to a series 
dealing with the results of investigations on the 
relative resistance of strains of wheat, oats and 
barley to their respective smuts. M. K. SuBra- 
MANIAM: Studies on the Structure of the Golgi 
Apparatus—V. The Idiosome in the Pancreas 
of the Toad and its Possible Relation to the 
Ergastoplasm. The Golgi apparatus and mito- 
chondria were studied in acinar, duct and islet 
cells of the pancreas, and the suggestion of 
Subramaniam and Gopala Aiyar that the idio- 
some may form a core to the Golgi apparatus 
is substantiated. P. N. Menra AnD H. L. MEnra: 
Life-history of Stephensoniella brevipeduncu- 
lata Kash. MAanESHWAR SINGH Soop: A pecu- 
liar case of Caudal Abnormality in Hemidacty- 
lus flaviviridis Riippel. 


National Academy of Sciences: 


March 1939.—V. L. Varma anv S. Dutt: 
Indigoid dyestuffs derived from Chrysoquinone. 
K. B. Matuur anv G. R. TOSHNIWAL: F-Region 
Ionization in June 1938 at Allahabad. R. BEHARI: 
Osculating quadrics of a ruled surface. B. P. 
PanvE: On the Trematode Genus Lyperosomum 
Looss, 1899 (Dicroceeliide) with a description 
of two new species from India. B. P. PANDE: 
Two new species of trematodes from Anhinga 
melanogaster, the Indian Darter or Snake-Bird, 


Indian Association for the Cultivation 
of Science: 


February 1939—M. N. Sawa anv K. B. 
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